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Preface 


A  geoacoustic  study  of  the  Delaware  coast  from  Cape  Henlopen  to  Fenwick 
Island  was  conducted  by  personnel  of  the  Hydraulics  (HL)  and  Geotechnical 
Laboratories  (GL),  U.S.  Army  Engineer  Waterways  Ejqjeriment  Station  (WES). 
The  field  work  was  performed  during  September  1992.  The  investigation  was 
performed  under  sponsorship  of  the  U.S.  Army  Engineer  District,  Philadelphia 
(CENAP).  The  CENAP  Project  Engineer  was  Mr.  Tony  DePasquale. 

The  overall  test  program  was  conducted  under  the  general  supervision  of 
Mr.  F.  A.  Herrmann,  Jr.,  Director,  HL;  Mr.  R.  A.  Sager,  Assistant  Director,  HL; 
and  Mr.  G.  A.  Pickering,  Chief,  Hydraulic  Structures  Division  (HSD),  HL. 

Mr.  Richard  G.  McGee,  Hydraulic  Analysis  Branch  (HAB),  HSD,  was  the 
Principal  Investigator.  This  project  was  a  cooperative  effort  with  the 
Geotechnical  Laboratory  under  the  supervision  of  Drs.  W.  F.  Marcuson  HI, 
Director,  GL,  and  A.  G.  Franklin,  Chief,  Earthquake  Engineering  and 
Geophysics  Division  (EEGD),  GL.  This  report  was  prepared  by  Mr.  McGee, 
under  the  supervision  of  Dr.  B.  J.  Brown,  Chief,  HAB.  Instrumentation  support 
was  provided  by  Mr.  Tom  S.  Harmon,  Jr.,  EEGD,  and  by  Messrs.  David  D. 
Caulfield  and  David  C.  Caulfield  of  Caulfield  Engineering,  Oyama,  BC,  Canada. 
Data  analysis  assistance  during  this  study  was  provided  by  Mr.  Rodney  L.  Leist, 
EEGD;  Ms.  Darla  C.  McVan  and  Ms.  Janie  M.  Vaughan,  HAB;  and  Mr.  Brian 
Williams,  Computer  Sciences  Corporation,  Vicksburg,  MS. 

Acknowledgment  is  made  to  the  captain  and  crew  of  the  Research  Vessel 
Cc^e  Henlopen,  and  administrative  personnel  of  the  University  of  Delaware, 
College  of  Marine  Studies,  for  their  support  in  performing  the  field  surveys. 

At  the  time  of  publication  of  this  report.  Director  of  WES  was  Dr.  Robert  W. 
Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 


The  contents  of  this  report  are  not  to  be  used for  advertising,  publication, 
or  promotional  purposes.  Citation  of  trade  names  does  not  constitute  an 
official  endorsement  or  approval  of  the  use  of  such  commercial  products. 


Conversion  Factors, 
Non-SI  to  SI  Units 
of  Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI  units 
as  follows; 


Multiply 

By 

To  Obtain 

feet 

0.3048 

meters 

Inches 

2.54 

centimeters 

miles  (U.S.  statute) 

1.609347 

kilometers 
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Introduction 


Background 

The  U.S.  Army  Engineer  District,  Philadelphia,  is  currently  preparing  a 
feasibility  report  for  shore  protection  solutions  for  the  Atlantic  coast  of 
Delaware.  One  specific  task  in  this  study  is  to  investigate  the  offshore  marine 
sediments  for  potential  borrow  areas  for  use  as  sources  of  beach-fill  materials. 
Previous  investigations  in  the  area  off  the  Delaware  coast  have  been  rather 
limited  in  scope,  either  focusing  on  small,  specific  study  areas,  or  simply 
conducted  for  another  objective,  such  as  purely  geologic  explorations.  The 
Coastal  Engineering  Research  Center  (CERC)  has  conducted  investigations  north 
of  the  project  area  in  the  region  off  Cape  May,  NJ  (Meisburger  and  Williams 
1980),  and  to  the  south  as  part  of  the  Ocean  City  Hurricane  Protection  Project 
(Anders  and  Hansen  1990).  These  studies  resulted  in  the  identification  of 
sediments  for  beach  renourishment  in  these  regions.  However,  there  are  large 
areas  within  the  vicinity  of  the  Delaware  coast  yet  unexplored.  Therefore,  as  an 
initial  step  to  the  feasibility  report  investigation,  it  was  decided  that  a 
comprehensive  subsurface  ejqjloration  program  be  initiated  for  a  3-mile'  -wide 
area  between  Cape  Henlopen  and  Fenwick  Island  along  the  Delaware  coast 
(Figure  1)  to  better  establish  possible  limits  of  available  granular  material. 

The  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES)  has 
developed  a  high-resolution  seismic  reflection  technique  to  quantitatively  assess 
the  characteristics  of  bottom  and  subbottom  marine  sediments.  The  technique 
describes  marine  sediments  in  terms  of  engineering  properties,  i.e.,  density,  mean 
grain  size,  and  soil  classification,  and  provides  a  continuous  picture  of  the 
horizontal  and  vertical  extent  of  those  properties.  The  Philadelphia  District 
requested  application  of  this  technique  in  support  of  the  Delaware  coast 
feasibility  study. 


Overview  of  Site  Geology 

The  geological  evolution  of  the  Delaware  continental  shelf  and  Delaware 
Estuary  has  been  widely  studied  over  the  last  two  decades.  Sheridan,  Dill,  and 


A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI  units  is  found  on  page  vi. 


Figure  1 .  Delaware  coast  location  and  vicinity  maps 


Kraft  (1974)  provide  a  thorough  discussion  of  the  Holocene  depositional 
environment  of  the  shelf  off  the  Delmarva  Peninsula.  A  summary  of  the 
geological  evolution  by  Morang  and  Pope'  states  that  the  dominant  factor 
shaping  the  northeast  coast  during  the  Holocene  Epoch  has  been  marine 


A.  Morang  and  J.  Pope.  (1993).  “Preliminary  geomorphic  evaluation  of  potential  sand  resource 
areas,  offshore  of  the  Delmarva  Peninsula,”  Memorandum  For  Record,  U.S.  Army  Engineer 
Waterways  Experiment  Station,  Vicksburg,  MS. 
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Figure  2.  Pre-Holocene  topography  in  the  Delaware  coastal  area  (Kraft 
1971) 


transgression,  or  the  “spread  of  the  sea  over  land  areas.”  According  to  Kraft 
et  al.  (1979),  a  deeply  incised  topography,  which  included  the  ancestral  Delaware 
River,  and  a  trellislike  drainage  system  evolved  in  Delaware’s  coastal  zone 
(Figure  2).  The  coastal  zone  and  incised  valleys  were  inundated  by  the  sea  as  the 
continental  ice  sheets  melted,  releasing  enormous  voliunes  of  water  to  the 
oceans.  The  rise  was  accompanied  by  erosion  and  shoreline  retreat  along  most 
of  the  Delaware  coast,  resulting  in  a  highly  variable  coastal  morphology  of  a 
headland  beach  with  drowned  river  valley  estuaries  and  remnant  beach  deposits 
stranded  offshore. 

Four  major  physiographic  units  have  been  identified  on  the  shelf  off  the 
Delmarva  Peninsula  (Field  1979):  (a)  shoreface,  (b)  linear  shoal  field,  (c)  shoal- 
retreat  massif  (geologic  unit  containing  one  or  more  summits  surrounded  by 
depressions),  and  (d)  shelf  transverse  valleys.  The  linear  shoals  have  been 
interpreted  as  Holocene  features  that  formed  in  the  submarine  environment  and 
were  consequently  stranded  as  sea  level  rose  and  the  shore  retreated.  They 
consist  primarily  of  sands  and  gravels.  Valley  sediments  consist  of  subsurface 
deposits  of  former  lagoonal  muds  overlain  by  reworked  surface  sands. 

The  Holocene  sands  found  in  the  shoal  fields  off  the  Delmarva  Peninsula  are 
of  primary  interest  in  the  search  for  potential  beach-fill  sources.  In  general,  these 
shoals  are  remnant  beach  deposits  that  consist  of  primarily  sands  and  gravels  and 
are  the  sediments  most  likely  to  be  suitable  beach  fill.  Valley  sediments 
surrounding  the  shoals  are  typically  reworked  surface  sands  containing 
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significant  percentages  of  fine  materials  and  are  generally  considered 
unacceptable  as  beach  fill. 


Objective 

The  objective  of  this  study  is  to  quantify  the  bottom  and  subbottom  sediments 
in  terms  of  in  situ  density,  mean  grain  size,  and  soil  type  from  the  seafloor 
surface  to  a  depth  of  about  20  ft  below  the  bottom,  where  possible,  for  the  study 
area  (Figure  1).  The  results  will  (a)  provide  initial  estimates  of  the  sediment 
characteristics  for  the  purpose  of  defining  the  limits  of  available  granular 
materials  and  (b)  will  facilitate  the  accurate  positioning  and  optimal  placement  of 
additional  borings  by  providing  nearly  continuous  coverage  of  the  entire  area  of 
interest.  The  results  are  not  intended  to  assess  the  suitability  of  any  marine 
sediment  as  beach  quality  material;  rather,  the  results  are  intended  to  pinpoint 
areas  for  further  detailed  investigations. 
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Geophysical  Approach 


The  technique  used  to  quantitatively  assess  the  characteristics  of  the  sedi¬ 
ments  off  the  Delaware  coast  is  a  modified  seismic  reflection  technique  that 
relates  the  engineering  properties  of  sediments  to  acoustic  impedance  by 
precisely  determining  the  reflection  coefficient  at  each  reflection  horizon.  This 
Acoustic  Impedance  (AI)  method  is  discussed  in  detail  by  McGee,  Ballard,  and 
Caulfield  (1995)  and  in  publications  listed  in  the  Bibliography.  However,  it  is 
necessary  to  briefly  describe  the  method  as  it  applies  to  the  Delaware  coast 
project.  Acoustic  theory  is  discussed  only  in  sufficient  detail  to  enable  the  reader 
to  understand  basic  concepts.  Specific  processing  and  analysis  details  will  be 
discussed  in  Chapter  6,  “Phase  IV:  Geoacoustic  Modelling.” 


Technical  Overview 

The  AI  method  is  an  extension  of  the  techniques  developed  by  Caulfield  and 
Yim  (1983)  and  Caulfield,  Caulfield,  and  Yim  (1985)  for  the  identification  of 
subbottom  marine  sediments.  The  model  is  an  empirical  technique  that 
compensates  for  absorption  in  each  layer  as  a  function  of  the  center  fiequency  of 
a  band-limited  seismic  trace,  corrects  for  spherical  spreading,  and  uses  classical 
multilayer  reflective  mathematics  to  compute  reflection  coefficients  at  the 
sediment  horizons.  The  reflection  coefficients  are  converted  to  impedances  and 
classified  according  to  established  relationships  between  the  acoustic  impedance 
and  the  geotechnical  properties  of  marine  sediments,  thereby  classifying  the 
lithostratigraphy.  Figure  3  illustrates  the  general  processing  steps  required  by 
the  method  in  practice. 

As  energy  generated  fi'om  an  acoustic  source,  in  the  form  of  a  plane  wave, 
arrives  at  a  boundary  between  two  layers  of  differing  material  properties,  part  of 
the  energy  will  be  reflected  back  toward  the  surface  and  part  is  transmitted  as 
presented  in  Figure  4.  A  portion  of  the  transmitted  energy  will  imdergo 
absorption  or  attenuation  in  the  layer  while  the  remainder  propagates  through  to 
the  next  stratigraphic  boimdary.  According  to  Snell's  law  and  for  continuity  of 
stress,  the  relationship  between  the  incident  A^,  reflected  A^.,  and  transmitted  A, 
waves  can  be  expressed  as 


Chapter  2  Geophysical  Approach 
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Figure  3.  Al  processing  flowchart 


'E./v,  ' 

V  1  1/ 


where  and  E2  are  the  elastic  moduli  of  media  1  and  2,  respectively,  and  v, 
and  are  the  velocities  in  each.  For  a  perfectly  elastic  medium  E  =  , 

where  p  is  the  mass  density  and  v  the  elastic  P-wave  velocity.  The  quantity 
pv  is  called  the  acoustic  impedance,  Z,  of  the  medium  and  thus  represents  the 
influence  of  the  medium's  characteristics  on  the  reflected  and  transmitted 
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Figure  4.  Acoustic  wave  propagation  at  a  boundary  between  two 
interfaces;  Snell's  law 

waves.  The  reflection  coefficient  R  is  defined  as  the  percentage  of  the  wave’s 
reflected  energy.  The  acoustic  impedance  and  the  reflection  coefficient  are 
related  through  the  Zoeppritz  equation  as 


7  (  1  ^ 

'H 1  - 


(2) 


where  Z,  and  are  the  impedances  of  the  first  and  second  mediums,  respec¬ 
tively.  This  relationship  provides  a  straightforward  method  for  determining 
acoustic  impedance.  By  knowing  the  first  Z and  the  succeeding  R's,  one  can  then 
calculate  all  the  acoustic  impedances.  In  this  case,  the  first  layer  is  always 
seawater,  which  has  a  known  typical  impedance  value  of  1,550  10^  g/cnf  sec. 

By  calculating  the  remaining  R's,  the  problem  is  solved. 

The  relationship  between  acoustic  impedance  and  specific  soil  properties  has 
been  empirically  derived  from  world  averages  of  measured  impedance  versus 
sediment  characteristics  (Hamilton  1970a,b;  1972a,b;  Hamilton  and  Bachman 
1982).  Further  development  of  statistical  models  and  algorithms  (Caulfield  and 
Yim  1983)  establishes  relationships  between  acoustic  impedance  and  soil 
properties  (porosity,  bulk  density,  mean  grain  size,  etc.)  for  sediments  within 
various  natural  marine  environments  and  allows  the  identification  and 
characterization  of  the  subbottom  layers  from  acoustically  derived  seismic 
reflection  data. 
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Processing  of  the  seismic  data  involves  determining  the  precise  reflection 
coefficient  at  each  detectable  reflection  horizon.  This  requires  that  the  major 
losses  associated  with  acoustic  wave  propagation  in  a  layered  sediment 
environment  be  properly  accounted.  These  losses  include  (a)  transmission  loss 
due  to  spherical  spreading,  (b)  transmission  through  reflectors,  and  (c)  intrinsic 
absorption  within  a  particular  sediment  unit.  Each  of  these  losses  is  assessed 
using  processing  and  analysis  tools  developed  specifically  for  the  AI  method. 
These  tools  include  the  Acoustic  Core  System  (Caulfield  1992),  the  Digital 
Spectral  Analysis  System  (Caulfield  1991b),  the  Digital  Shallow  Seismic 
Processing  and  Correlation  System  (Caulfield  1991a),  and  in-house  WES 
programs  for  equipment  calibrations  and  bottom  surface  analysis  using  the  sonar 
equations.  These  programs  will  be  discussed  in  more  detail  as  they  were 
employed  in  the  Delaware  coast  study. 

Seismic  reflection  signatures  are  not  universally  unique;  i.e.,  several 
combinations  of  geologic  conditions  could  conceivably  yield  similar  signal 
characteristics  resulting  in  similar  impedance  values.  But  in  a  given  geologic 
setting,  such  as  the  Delaware  coast  and  shelf,  a  particular  sediment  usually  has  a 
characteristic,  relatively  narrow  range  of  impedance  values.  Therefore,  project- 
specific  calibrations  are  used  to  relate  specific  acoustic  signatures  to  respective 
reflectors.  Using  calibration  procedures  incorporating  local  core  data,  the 
acoustic  reflection  data  are  processed  to  yield  accurate  acoustic  impedance 
values  at  reflection  horizons  for  the  geologic  region  of  interest.  The  geoacoustic 
calibrations  for  the  Delaware  coast  project  are  discussed  in  Chapter  6. 


Delaware  Coast  Study  Outline 

The  Delaware  coast  study  was  divided  into  five  primary  phases  as  shown  in 
Figure  5  and  listed  as  follows: 

a.  Phase  I:  Seismic  data  acquisition 

b.  Phase  H:  Data  processing  and  mapping. 

c.  Phase  III:  Physical  sediment  analysis. 

d.  Phase  IV:  Geoacoustic  modelling. 

e.  Phase  V:  Sediment  profiles  and  description  (discussion  of  results). 

Phase  I  included  all  project  planning,  geologic  overviews,  survey  planning, 
and  field  activities  required  to  collect  the  data  necessary  to  meet  the  study 
objectives.  The  initial  data  processing  performed  in  Phase  11  involved 
integrating  all  data,  particularly  the  seismic  with  the  navigation  data,  and 
generation  of  all  survey-  and  tide-corrected  bathymetric  maps,  including 
contours  and  depth  profile  plots.  The  digital  seismic  data  playback  was 
performed  on  all  data  collected,  providing  color  hardcopy  records  of  the  raw 
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PHASE  I;  SEISMIC  DATA  ACQUISITION 


R/V  Cape  Henlopen 
26  Sept  -  3  Oct  1992 
24  Hr/Day  Operation 


t 


PHASE  II:  DATA  PROCESSING 


Survey  Maps 

Integrate  Seismic/Navigation 
Tide  Corrections 
Bathymetry  Maps 

-Contour  Plots 
-Depth  Profiles 

Digital  Seismic  Data  Processing 
&  Playback 
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PHASE  III:  SEDIMENTS 

Develop  Direct  Sampling  Plan 
Vibracore  Sample  Collection 
Xaboratory  Analysis 
-Grain  size 
-uses  Classification 
Additional  Analysis 

-Shepard  Classification 
-Wentworth  Scale 
-Mean  Grain  Size 


PHASE  IV;  GEOACOUSTIC  MODEL 

Equipment  Calibrations 
Modelling  of  Surface  Sediment 
-Density  vs.  Impedance 
-Grain  Size  vs.  Impedance 
Absorption  Modelling 
Subbottom  Analysis 


z 


PHASE  v:  SEDIMENT  PROFILES 


Final  Analysis 


-Stratigraphic  Prof lies 
-Sediment  Characterization 


Final  Reporting 


Figure  5.  Delaware  coast  study  outline 


acoustic  data.  This  process  also  involved  processing  of  the  raw  data  to  improve 
the  signal-to-noise  (S/N)  ratio  of  the  data,  where  possible,  and  to  enhance  the 
detection  of  deeper  reflection  horizons. 

Physical  sediment  collection  analysis  (Phase  III)  involved  developing  a 
direct  sampling  plan  to  describe  the  various  sediment  layers  based  on  the 
acoustic  reflection  data.  Vibracore  samples  were  collected  and  subsequent 
laboratory  analysis  performed  to  provide  the  engineering  properties  of  the 
sediments.  Phase  IV  was  the  geoacoustic  modelling  stage  of  the  study.  All 
flnal  equipment  calibrations,  surface  sediment  modelling,  absorption 
modelling,  and  final  subbottom  analysis  were  performed  here.  The  geoacoustic 
solution  was  developed  into  stratigraphic  profiles  characterizing  the  sediment 
properties  through  the  geoacoustic  relationships  developed  for  this  study. 


Chapter  2  Geophysical  Approach 


9 


Finally,  sites  characterized  as  primarily  sand  were  selected  for  further  testing 
by  the  Philadelphia  District.  The  remainder  of  this  report  is  organized 
according  to  this  process  flowchart  and  describes  each  phase  in  detail. 
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3  Phase  I:  Seismic  Data 
Acquisition 


Survey 

The  Delaware  coast  survey  encompassed  basically  a  3 -mile-wide  area  along 
the  entire  length  of  the  Delaware  Atlantic  coast,  a  distance  of  approximately  24 
miles  (Figure  1).  Due  to  the  large  area  involved,  the  survey  was  divided  at 
approximately  the  midpoint  into  northern  and  southern  areas.  The  division 
occurred  at  the  southern  end  of  Rehoboth  Bay,  just  north  of  the  Indian  River 
Inlet.  Eleven  survey  lines  offset  at  500-m  intervals  running  parallel  to  the  shore 
were  surveyed  in  both  northern  and  southern  sectors.  Line  1,  closest  to  shore, 
was  approximately  one-half  mile  offshore,  with  each  line  originally  scheduled 
for  12-mile-long  segments.  Figure  6  presents  the  actual  survey  lines  for  the 
entire  project.  Each  survey  line  is  numbered  sequentially  within  each  sector 
from  line  1  to  1 1,  increasing  away  from  shore.  The  northern  sector  line  numbers 
are  denoted  with  an  N  suffix  and  the  southern  sector  lines  accordingly  with  an  S. 
All  coordinates  are  presented  in  Delaware  State  Plane,  NAD  83.  (Note;  Survey 
lines  7N  and  8N  are  swapped  as  shown  in  Figure  6.  The  seventh  line  from  shore 
is  line  8N  and  the  eighth  line  from  shore  is  7N.) 

For  the  most  part,  the  survey  lines  were  run  exactly  as  proposed.  Aroimd  the 
Hen  and  Chickens  Shoal  in  the  northern  sector  of  the  study  area,  portions  of 
some  lines  had  to  either  be  rerouted  or  eliminated  altogether  due  to  shallow 
water.  Specifically,  the  northern  one-third  of  line  IN  was  eliminated  as  well  as 
portions  of  lines  2N  and  3N.  Also,  line  4N  in  the  vicinity  of  the  shoal  was 
rerouted  to  avoid  shallow  water.  In  the  southern  sector,  only  the  most  northerly 
segment  of  line  IS  deviated  from  the  proposed  survey,  in  the  vicinity  of  Indian 
River  Inlet,  due  to  shallow  waters  of  fte  ebb  shoal.  In  all,  nearly  250  line  miles 
were  surveyed,  requiring  almost  6  days  to  complete  with  a  24-hour  per  day  work 
schedule. 


Equipment 

Survey  vessel 

The  survey  was  conducted  aboard  the  Research  Vessel  Cape  Henlopen 
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operated  by  the  University  of  Delaware,  College  of  Marine  Studies,  Lewes,  DE. 
Figure  7  presents  the  general  arrangement  of  the  main  deck.  Locations  of  the 
geophysical  equipment  and  fathometer  are  shown.  Details  regarding  each  piece 
of  equipment  are  discussed  in  the  following  sections.  The  recording  area  was 
located  in  the  dry  laboratory  on  the  port  side  of  the  main  deck. 


Navigation  and  bathymetry 

The  navigation  and  high-frequency  bathymetry  information  for  the  survey 
was  provided  by  Gahagan  &  Bryant  Associates.  A  differential  global  positioning 
system  (DGPS)  was  employed  for  horizontal  positioning.  The  DGPS  equipment 
consisted  of  the  following: 

a.  Trimble  Navigation  4000  RL  II,  the  DGPS  reference  station. 

b.  Trimble  Navigation  4000  DL 11,  the  mobile  global  positioning  system 
receiver. 

c.  Dataradio  Radio/Modem  Link,  the  differential  correction  data  link. 

The  equipment  is  rated  at  providing  horizontal  accuracy  of  ±1  to  3  m  root  mean 
square  (RMS)  (68  percent  of  the  time).  DGPS  was  used  for  horizontal 
positioning  only. 

Bathymetiy  was  provided  by  the  Krupp  Atlas  Deso  20  fathometer.  A  single 
high-frequency  transducer,  210  kHz,  was  used  for  sounding.  The  fathometer, 
located  off  the  port  side  as  shown  in  Figure  7,  was  calibrated  at  the  start  of  the 
project  by  the  standard  bar  check  method.  Tide  data  were  obtained  by  the 
Philadelphia  District  from  the  National  Oceanic  and  Atmospheric  Administration 
(NOAA)  tide  gage  number  8557382  at  Lewes,  DE,  and  postprocessed  with  the 
fathometer  data  to  arrive  at  depth  elevations  referenced  to  mean  lower  low 
water.' 

The  navigation  and  bathymetric  equipment  was  interfaced  with  a  Hewlett 
Packard  310  computer  to  record  and  provide  real-time  navigation  information. 
Additional  interfacing  included  a  serial  connection  for  the  output  of  position 
coordinates  and  high-frequency  bathymetric  data  directly  to  the  digital  seismic 
data  acquisition  system. 


Geophysical  equipment 

The  acoustic  subbottom  reflection  records  were  generated  using  a  3.5-  to 
7.0-kHz  high-resolution  “pinger”  system  and  an  integrated,  high-definition 


'  Elevations  and  depths  cited  in  this  report  are  in  feet  referenced  to  mean  lower  low  water  (mllw). 
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Figure  6.  Survey  lines  and  core  locations 
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Figure  7.  Survey  vessel  and  instrumentation  arrangement.  Only  components  pertaining  to  this  study  are  labelled 


400-Hz  to  5.0-kHz  “boomer”  system.  The  specific  systems  used  were  as 
follows. 

3.5-  to  7.0-kHz  pinger  system.  This  system  allows  the  transmission  of 
variable-length  acoustic  pulses  (0.2  -  3  msec)  of  3.5-  and  7.0-kHz  frequencies. 
Power  levels  can  be  varied  from  1  to  10  kW.  However,  depth  of  penetration  can 
be  limited  in  areas  of  highly  competent  sediments.  For  the  Delaware  coast 
survey,  the  following  operating  parameters  were  chosen; 

a.  Power  setting;  5  kW 

b.  Frequency;  3.5  kHz 

c.  Pulse  length;  1  msec 

d.  Ping  rate;  0.25  sec 

The  relatively  long  1-msec  pulse  length  was  chosen  in  the  field  during 
mobilization  due  to  the  sea  state  conditions  and  the  fact  that  the  survey  was 
basically  being  conducted  with  waves  and  swell  approaching  the  vessel 
broadside.  This  resulted  in  significant  boat  roll,  and  the  longer  pulse  length 
provided  much  improved  S/N  data  over  the  higher  resolution,  shorter  pulse 
lengths  normally  employed. 

These  systems  were  originally  designed  to  operate  in  water  depths  greater 
than  about  50  ft,  resulting  in  configurations  employing  integrated  transmit/ 
receive  (T/R)  networks  in  order  to  use  the  same  transducers  as  transmitters  as 
well  as  receivers.  The  resulting  transducer  ringing  and  coupling  create  coherent 
noise  keyed  to  the  transmitter  timing.  In  shallow  water,  less  than  30  ft, 
significant  S/N  problems  arise  due  to  the  coherent  noise  from  the  transmitter 
interfering  with  the  first  return. 

To  solve  this  problem,  a  receiving  array  was  deployed  independently  of  the 
transmitter  as  shown  in  Figure  7.  By  decoupling  the  receiving  array  from  the 
transmitter  and  physically  separating  the  transducer,  all  of  the  near-field 
transmitter  ringing  was  eliminated  from  the  bottom  reflection,  regardless  of 
water  depth.  This  is  the  standard  pinger  deployment  configuration  for  the  AI 
method. 

Boomer  system.  This  system  is  a  high-energy,  medium-bandwidth  unit 
providing  up  to  1,000  joules  of  energy  in  the  400-  to  5,000-Hz  frequency  band. 
The  system  is  designed  to  provide  reasonable  vertical  resolution  combined  with 
greater  penetration  depths  in  more  competent  sediments.  Due  to  the  primarily 
marine  sand  environment  off  the  Delmarva  Peninsula,  a  seismic  system  capable 
of  detecting  deeper  sediment  interfaces  below  the  ocean  bottom  sands  than  the 
higher  frequency  pinger  system  could  detect  was  required  for  verification  of 
sediment  thicknesses. 

Because  of  the  high  power  involved  and  because  the  coherent  noise  radiates 
to  the  receiver  as  well  as  to  the  bottom,  an  array  is  towed  separately.  This 
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array  is  normally  towed  at  right  angles  or  directly  aft  of  the  source  The  exact 
tow  point  is  determined  by  the  water  depth  and  by  where  the  coherent  noise  to 
the  receiver  is  minimized.  Figure  7  presents  the  boomer  configuration  used  for 
the  Delaware  Coast  survey.  The  boomer  source  and  receiving  array  were  towed 
a^rojdmately  100  ft  aft  of  the  vessel.  The  receiving  array  was  horizontally 
offset  from  the  source  by  approximately  30  ft  as  shown  in  Figure  7.  The 

j  boomer  airay  were  band-pass  filtered  between  400  FIz 

and  2,200  Hz  at  a  center  frequency  of  near  1,000  Hz. 


Sid^scan  sonar.  A  dual-frequency  side-scan  sonar  (SSS)  was  operated 
throughout  the  survey  to  provide  increased  areal  bottom  coverage.  The  SSS  was 
operated  at  100  kHz  and  was  towed  off  the  bow  as  shown  in  Figure  7  Although 
not  specifically  presented  within  this  report,  the  SSS  data  were  used  to  identify 
^ique  bed  forms  such  as  sand  waves  and  were  used  primarily  in  preparing  the 
dir^samplmg  plan.  The  SSS  digital  data  files  and  analog  records  are  archived 

di  W  ^ 
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4  PhasG  II:  Data  Processing 
and  Mapping 


Acoustic  Reflection  Data  Records 


usineTe  3  ®  reflection  amplitudes  obtained 

Sore  Perfonned 

Engta^r  T^e  Philadelphia  District  Project 

dS  fi^'  are  archived  at  WES.  The  records  are  annotated  with 

igital  file  numbers,  relative  depth  scales,  and  all  core  locations  Figure  8  is  a 

colTc^  subbottom  amplitude  record  from  the  Delaware  coast  survey  The 
color  code  r^resente  relative  reflection  amplitudes  as  displayed  by  the  legend  on 
fte  figure,  ^e  vertical  lines  along  the  top  portion  of  the  IZrd  ZTc 
beginnmg  of  individual  digital  data  files,  recorded  continuously  during  the 

of  forty  consecutive  soundings.  These  file  numbers  are  used  on  the  final 
sediment  profiles  to  correlate  the  calculations  with  the  raw  data.  Note  the  top  of 

in  t?‘  ^  ^  i  ^  vertical  expansion  of  the  subbottom  display  which 

n  this  c^e  extends  mto  the  subbottom  more  than  50  ft.  Changes  in  sfratLaphy 
are  readily  apparent  and  are  represented  as  subbottom  reflectora  generated^y  ^ 
impedance  mismatches  at  the  sediment  interfaces  (refer  to  Equ^tfonsTSid  2^ 
so  labelled  in  Figure  8  is  a  multiple  reflection  generated  as  the  first  bottom^ 
echo  alternately  reflects  between  the  water/seafloor  and  air/water  interfaces  As 

^enthTh  'T  track  the  bottom  in  multiples  of  the  water 

depft,  thus  limiting  the  efifectiye  depth  of  acoustic  penetration  by  possibly 

masking  actual  sediment  interfaces.  No  multiple  suppression  techniques  haye 
been  developed  for  the  AI  method,  therefore  limiting  quantitative  acL  ic 
assessment  to  the  multiple  depth. 


Bathymetry 


The  acoustic  reflection  data  were  combined  with  the  position  data  and  the 
igh-frequency  bathymetric  data,  providing  accurate  determination  of  both  the 
horizontal  ^d  vertical  datums.  Bottom  depths  for  the  subbottom  profiles  were 
adjusted  to  the  tide-coirected  fathometer  depth  measurements  since  the  data 
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provide  nearly  a  10:1  improvement  in  resolution  over  any  of  the  subbottom 
equipment.  A  contour  map  of  the  measured  topography  is  presented  in  Figure  9. 

The  survey  line  spacing  of  approximately  500  m  precluded  a  detailed 
evaluation  of  the  bottom  topography  of  the  area;  however,  major  physiographic 
features  are  quite  evident.  In  the  northernmost  section  of  the  survey,  identified 
as  Zone  N-N  in  Figure  9,  drastic  changes  in  bottom  elevation  occur  proceeding 
northward  across  the  Hen  and  Chickens  Shoal.  Measured  water  depths  along  the 
crest  of  the  Hen  and  Chickens  Shoal  are  shallower  than  -30  ft  with  depths 
plimging  to  greater  than  -90  ft  to  the  north  in  the  vicinity  of  the  main  entrance 
channel  of  the  Delaware  Bay.  The  shoal  connects  the  shoreline  just  south  of 
Cape  Henlopen  near  Lewes,  DE,  and  extends  in  a  southeasterly  direction  as  far 
south  as  Rehoboth  Beach.  South  of  the  Hen  and  Chickens  Shoal  directly  east  of 
Rehoboth  Bay  is  depicted  what  has  been  identified  as  a  shelf-transverse  valley. 
Bottom  elevations  become  deeper  proceeding  away  from  shore  with  nearshore 
elevations  at  -35  ft  gently  sloping  to  near  -65  ft  along  the  eastern  edge  of  the 
study  area.  Except  for  linear  shoals  located  between  Dewey  Beach  and  Indian 
River  Inlet  and  nearshore  shoal  fields  just  north  of  Bethany  Beach  with  shoal 
crest  elevations  as  high  as  -25  ft,  the  bottom  topography  remains  relatively  flat, 
particularly  in  the  eastern  portion  of  the  survey  area,  between  Dewey  Beach  and 
Bethany  Beach.  The  bathymetric  data  near  the  southernmost  end  of  the  study 
area  along  Fenwick  Island  show  a  large  and  relatively  complex  shoal  field 
situated  primarily  in  the  eastern  half  of  survey  Zone  S-S.  Average  shoal  crest 
elevations  in  this  area  are  -35  ft  with  the  surrounding  seafloor  at  approximately 
-45  ft. 
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Digital  Data  Files 
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Figure  8.  Typical  color  subbottom  amplitude  record 


Figure  9.  Contour  map  of  Delaware  coj 
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5  Phase  III:  Physical 
Sediment  Analysis 


Core  data  required  to  calibrate  the  acoustic  response  characteristics  and  to 
assess  the  engineering  properties  of  the  sediments  were  provided  through  earlier 
sampling  programs  and  by  cores  retrieved  based  on  guidance  from  this  seismic 
survey.  Figure  6  presents  all  core  locations  for  the  analysis.  Table  1  lists  all 
cores  providing  the  core  name,  position  coordinates,  and  date  collected. 

Core  locations  for  this  study  (cores  KHV-31  through  KHV-58)  were  deter¬ 
mined  after  analysis  of  Finger  grey-scale  analog  reflection  records  and  SSS 
records,  which  were  obtained  during  the  survey.  Locations  were  selected  based 
upon  one  or  more  of  the  following  criteria: 

a.  Observance  of  a  large  area  of  similar  material  signatures. 

b.  Observance  of  a  significant  change  of  material  signatme  between  two 
areas. 

c.  Convergence  of  distinct  subbottom  layers  at  or  near  the  bottom  surface. 

d.  Areas  of  anomalous  bottom  or  subbottom  signature. 

e.  Specific  seismic  equipment  calibration  sites. 

Vibracore  samples  were  collected  by  Alpine  Ocean  Seismic  Survey,  Inc. 
(AOSS),  under  contract  to  the  Philadelphia  District.  Twenty-seven  vibracore 
samples  were  collected  during  7-17  June  1993  to  depths  of  20  ft  below  the  ocean 
bottom.  Core  positioning  was  determined  using  DGPS.  Scientific  Environment 
Application,  Inc.,  was  subcontracted  by  AOSS  to  perform  the  geotechnical 
evaluation.  A  final  report  of  the  vibracore  sampling  collection  and  geotechnical 
testing  was  delivered  to  the  Philadelphia  District  in  August  1993,  and  then 
subsequently  sent  to  WES. 
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Overview  of  Sediments 


The  AOSS  core  logs  and  sediment  gradation  curves  are  provided  in  Appen¬ 
dix  A.  The  geotechnical  testing  of  selected  sections  of  each  core  included  grain 
size  analysis  using  sieve  analysis  down  to  the  No.  200  sieve  and  hydrometer 
analysis  for  finer  sediments;  determination  of  specific  gravity  and  percent 
moisture;  penetrometer  records;  and  classification  of  sediment  samples  according 
the  Unified  Soil  Classification  System  (USCS).  Further  analysis  of  the  data  was 
conducted  by  WES  to  characterize  the  sediments  in  a  manner  suitable  for 
correlation  with  acoustic  data.  This  included  conversion  of  grain  sizes  to  the 
<|)-scale  and  reclassification  of  the  sediments  in  both  the  Wentworth  and  Shepard 
classification  systems.  Since  geoacoustic  data  can  be  found  in  any  or  all  of  these 
sediment  classification  systems,  these  data  are  presented  in  each  system  for 
possible  use  in  other  studies.  Mean  grain  size  was  computed  as  the  average  of 
the  Dg4,  Djq,  and  sizes.  Table  2  presents  an  overview  of  specific  engineering 
properties  of  each  sediment  sample  collected. 

A  thorough  study  of  Table  2  reveals  apparent  differences  in  the  sediment  type 
among  the  three  classification  systems  for  several  of  the  sediment  samples. 

These  differences  are  usually  attributed  to  the  specific  classification  technique 
employed  for  each  system.  Figure  10  compares  the  Wentworth  and  USCS  grain 
size  classifications.  The  Wentworth  system  is  based  strictly  on  mean  grain  size, 
and  the  grain  size  categories  for  the  Wentworth  scale  are  slightly  coarser  than 
those  for  the  USCS.  For  sample  3  of  core  KHV-38  a  computed  mean  grain  size 
of  0.338  mm  (1.565  phi)  is  classified  as  a  medium  sand  on  the  Wentworth  scale 
and  a  fine  sand  in  USCS.  The  Shepard  and  USCS  sort  the  sediments  by  percent 
distribution  of  sands,  silts,  and  clays.  Figure  1 1  presents  the  Shepard  graph  for 
this  sample.  Based  on  the  sand/silt/clay  distribution  of  78,  4,  and  18  percent,  the 
sample  is  classified  as  a  clayey  sand.  The  Shepard  and  Wentworth  systems  do 
not  allow  for  assessments  of  sorting  like  the  USCS,  precluding  the  additional 
classification  in  terms  of  poorly  graded  to  well-graded  material  distributions  with 
these  systems.  Finally,  another  cause  for  some  of  the  discrepancies  involves  how 
silt/clay  distributions  were  determined.  In  some  cases,  100  percent  of  the  sample 
is  not  accounted  for  on  the  gradation  curves.  For  the  previous  sample  (refer  to 
the  gradation  curve  for  KHV-38,  sample  3  in  Appendix  A)  the  hydrometer 
analysis  stopped  at  a  computed  grain  size  of  0.0055  mm  with  19  percent  of  the 
material  finer  by  weight.  The  laboratory  USCS  classification  lists  this  sediment 
as  a  silty  sand.  The  WES-derived  Shepard  classification  of  a  clayey  sand 
resulted  from  the  assumption  that  the  remaining  19  percent  of  sediment  was  in 
the  clay  range. 


Correlation  of  Sediment  Properties:  Density 
versus  Mean  Grain  Size 


Because  acoustic  reflectivity  is  directly  related  to  the  elastic  moduli  of  the 
sediments  as  explained  in  Chapter  2  and  in  Equation  1 ,  in  situ  density  usually 
exhibits  excellent  correlation  with  measured  acoustic  impedance.  However, 
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Figure  10.  Grain  size  classification,  USCS  versus  Wentworth  scale  (modified 
from  Shore  Protection  Manual) 


for  the  Delaware  coast  study,  density  was  not  directly  computed  for  any  of  the 
sediment  samples.  In  order  to  fully  calibrate  the  acoustic  model,  some 
assessment  of  expected  density  values  was  needed,  especially  in  evaluating  the 
bottom  surface  reflection  coefficients.  To  provide  density  estimates,  a 
relationship  between  mean  grain  size  and  density  was  developed  based  on 
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Figure  1 1  Shepard  sediment  classification,  core  KHV-38,  sample  3 


measiffed  properties  from  several  geoacoustic  databases.  Specifically,  data  were 
assembled  from  Gulfport  Ship  Channel,  MS,'  and  Panama  City  Harbor,  FL  from 
laboratory  analysis  of  core  samples  collected  by  WES  during  previous  AI  ’ 
studies.  Additional  data  were  provided  by  the  U.S.  Army  Engineer  District 
Savannah,  from  core  samples  collected  during  an  AI  investigation  of  the 
Savannah  Ship  Channel,  GA  (McGee  and  Sjostrom  in  publication)  Data 
compiled  by  Hamilton  and  Bachman  (1982)  from  the  continental  shelf  and  slope 
are  included  also.  These  data  are  presented  in  Figure  12. 

Figure  12  also  presents  an  empirically  derived  relationship  between  density 
and  mean  grain  size  for  the  predominantly  coarse-grained  sediments.  Only 


R.G.  McGee.  (1991).  “Subbottom  hydro-acoustic  survey  of  Gulljwrt  Ship  Channel,” 

Memorandum  for  Record,  U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  MS. 
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Empiricol  Relotionship  Utilized 


LEGEND 

+  Panoma  City  Harbor 
•  Gulfport  Ship  Chonne) 

O  Savannah  Ship  Chonnel 
•  Hamilton  and  Bachmon  (1982) 
—  —  Delowore  Coast 


Figure  12.  Empirical  derivation  of  mean  grain  size  versus  density 

sediments  described  as  mostly  sand  (<()  sizes  <  4)  are  included  in  the  empirical 
derivation  since  laboratory  analysis  of  fme-grained  sediments  (silts  and  clays) 
was  performed  on  only  a  limited  number  of  the  core  samples.  Also,  significant 
differences  in  the  density  relationships  exist  between  coarse-  and  fine-grained 
sediments.  According  to  Hamilton  and  Bachman  (1982),  these  differences  are 
caused  by  a  number  of  interrelated  factors.  In  summary,  these  include  grain  size, 
uniformity  of  grain  size,  grain  shape,  packing  of  grains,  and  mineralogy.  This  is 
evidenced  in  Figure  12  for  Hamilton  and  Bachman’s  data  where  a  distinct 
difference  in  the  density-grain  size  relationships  is  observed  for  sediment  sizes 
greater  than  and  less  than  (j)  of  4.  For  the  sand  sizes,  density  has  been  foimd  to 
generally  increase  with  increasing  grain  size.  However,  due  to  the  factors  just 
stated,  significant  differences  in  the  density-grain  size  relationship  can  be 
encountered  among  various  sediment  environments.  For  example,  a  best  fit  of 
the  data  in  Figure  12  for  mean  grain  sizes  between  4<|)  and  1  Ocf)  would  result  in  an 
increase  in  density  with  decreasing  grain  size.  A  possible  explanation  as  put 
forth  by  Hamilton  and  Bachman  is  that  sand-sized  particles  are  too  large  to  be 
affected  by  cohesive  forces  and  density  tends  to  be  largely  a  function  of  packing. 
In  fine-grained  materials,  such  as  silts  and  clays,  distinctly  different  mineral 
structures  from  coarse-grained  materials  are  formed,  where  density  is  controlled 
through  cohesive  forces  acting  on  the  structures.  This  results  in  distinctly 
different  relationships  between  sediment  properties,  i.e.,  density  and  grain  size. 
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Due  to  the  lack  of  sufficient  sample  data  from  the  Delaware  coast  for  sediments 
finer  than  4(|),  no  delineation  of  density  ranges  related  to  grain  size  was  attempted 
for  grain  sizes  greater  than  44). 

The  empirical  relationship  for  density  and  mean  grain  size  used  for  the 
Delaware  coast  is  derived  as  a  best  fit  of  all  data  points  presented  in  Figure  12. 
The  Hamilton  and  Bachman  data  are  not  used  due  to  possible  effects  of  sample 
oi^in  on  the  derivation.  Referring  to  Figure  12,  there  seems  to  be  a  significant 
difference  between  the  relationship  developed  by  Hamilton  and  Bachman  for 
sediments  from  the  deep-ocean  environment  of  the  Continental  Terrace  and  that 
by  this  researcher  from  primarily  shallow  marine  sediments  from  the  very 
nearshore  and  continental  shelf  environments.  Sediment  mineralogy,  grain 
sha^,  uniformity,  packing,  and  size  can  vary  significantly  between  sediment 
environments,  requiring  that  sediments  similar  in  origin  be  used  for  derivations 
of  this  nature. 

The  Delaware  coast  sediment  characterization  used  to  relate  density,  mean 
gram  size,  and  soil  type  is  summarized  in  Table  3.  In  general,  the  categories 
established  delineate  the  predominantly  clay,  silt,  and  sand  sediment  types. 
However,  sediment  mixtures,  such  as  clayey  sands  and  silty  sands,  can  exhibit 
uncharacteristically  high  or  low  density  values.  Also,  the  mean  grain  size 
parameter  may  not  always  completely  describe  actual  sediment  conditions. 

Factors  such  as  sorting  and  grain  size  variability  are  not  necessarily  reflected  in 
the  me^  gram  size  parameter.  The  present  state  of  geoacoustic  technology 
really  does  not  allow  for  the  microdelineation  of  all  grain  size  parameters.  It 
does,  M  will  be  shown,  provide  good  characterization  of  the  general  nature  of  the 
insonified  sediment  structure. 
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Using  calibration  procedures  for  data  with  high  S/N  ratios,  seismic  reflection 
data  are  processed  to  provide  estimates  of  the  density,  mean  grain  size,  and  soil 
type  of  bottom  and  subbottom  sediments.  Calibrations  are  performed  by 
correlating  acoustic  impedance  values  calculated  from  the  seismic  reflection  data 
at  a  sample  location  with  the  measured  information  (density,  mean  grain  size, 
etc.)  at  that  location.  Experience  to  date  has  shown  that  calibrations  made  at  a 
few  locations  within  a  geologic  region  provide  the  necessary  shallow  seismic 
parameters  to  accurately  calibrate  and  describe  the  entire  region.'  Calibration  of 
the  acoustic  reflection  data  for  the  Delaware  coast  survey  is  briefly  described  in 
the  following  paragraphs. 


Equipment  Calibration:  Sources  and  Receivers 

Sonar  equations 

The  geoacoustic  parameter  calibration  procedure  begins  by  determining  the 
total  acoustic  energy  incident  at  the  bottom  surface.  This  basically  involves 
determining  the  precise  reflection  coefficient  for  the  first  reflector  (bottom 
surface)  and  its  associated  acoustic  bottom  loss  for  a  given  sediment.  Since 
the  sound  velocity  of  water  and  its  density  can  be  readily  measured,  the 
absolute  impedance  of  the  water  can  be  calculated.  Knowledge  of  the  reflec¬ 
tion  coefficient,  which  by  the  way  is  completely  independent  of  frequency, 
from  the  water  bottom  interface  allows  direct  computation  of  the  absolute 
impedance  of  the  first  layer  of  the  bottom.  The  total  energy  produced  by  the 
source,  or  source  wavelet,  must  be  known  absolutely.  This  is  accomplished 
through  use  of  a  calibration  hydrophone  allowing  determination  of  source 
level  SL  and  the  transmission  losses  associated  with  underwater  acoustic 
wave  propagation  through  the  sonar  equations.  The  sonar  equations,  dis¬ 
cussed  thoroughly  by  Urick  (1983),  describe  the  quantitative  effects  on  sonar 
equipment  created  by  the  many  phenomena  peculiar  to  underwater  soimd 


*  R.  G,  McGee.  (1991).  “Subbottom  hydro-acoustic  survey  of  Gulfport  Ship  Channel.” 
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production.  These  equations  are  both  design  and  prediction  tools  for  imder- 
water  sound  applications  and  relate  the  effects  of  the  medium,  the  target,  and 
the  equipment.  The  general  sonar  equation  is  given  as  follows: 


S,  =  SL-N^-N^^N,^DI^  BL 


(3) 


where 

=  bottom  reflection  energy  at  receiver,  db 

SL  =  total  energy  of  source,  db 

N^=  20  X  log,o  (range,  meters),  db  (transmission  loss  due  to  spherical 
spreading  along  the  path  of  propagation) 

^hyd  -  receiver  sensitivity,  db 
=  amplifier  gain,  db 

DI  =  directivity  index  of  receiving  array,  db  (fimction  of  transducer 
beam  pattern) 

BL  =  bottom  loss,  db  =  20  log,//?) 

R  =  reflection  coefficient 

Figure  13  is  a  detailed  depiction  of  the  physical  elements  in  a  normal  calibration 
and  bottom  reflection  sonar  equation  solution  case.  The  value  includes  all 
preamplifiers  and  amplifiers  and  is  obtained  from  the  electrical  calibration  of  the 
receiving  equipment.  The  calibration  hydrophone  receiver  sensitivity 
available  from  manufacturers  of  the  hydrophone  and  should  be  traced  to  the 
ANSI  Standard  (Acoustical  Society  of  America  1988).  The  receiving 
hydrophone  array  sensitivity  may  also  be  available  from  the  manufacturer 
or  can  be  easily  calibrated  in  the  field  using  the  calibration  hydrophone  and  an 
alternate  form  of  the  sonar  equation.  This  procedure  will  be  discussed  in  detail 
later  in  this  report. 


Directivity  index 

The  DI  is  a  function  of  the  beam  pattern  of  the  transducer  array  and  is  an 
indication  of  the  amount  of  the  total  signal  the  hydrophone  is  permitted  by  its 
sensitivity  pattern.  The  higher  the  DI,  the  more  discriminating  the  hydro¬ 
phone  is  against  signals  arriving  from  directions  other  than  along  the  acoustic 
axis.  Figure  14a  presents  the  directional  pattern  of  the  MASSA  Model 
TR75-A  transducer  used  with  the  pinger  system.  Because  the  transmitter  and 
receivers  are  horizontally  offset,  as  explained  in  Chapter  3,  the  Z)/ becomes  a 
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Note:  Refer  to  Equation  3  for  Definition  of  Terms 
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Where: 

SIGr  =  Bottom  reflection  signal  from  calibration  array 
SIGc  =  Bottom  reflection  signal  from  calibration  hydrophone 
SIGq  =  Direct  wave  signal  from  calibration  hydrophone 
N^c  =  Amplifier  gain  from  calibration  hydrophone 
N^r  =  Amplifier  gain  from  receiver  array 


Figure  13.  Elements  in  acoustic  calibration  and  bottom  reflection  sonar 
equation  solution 

significant  parameter  due  to  the  reflection  angles  along  the  path  of  propagation. 
Figure  14b  presents  the  equipment  geometry  for  the  Delaware  coast  survey  and 
its  effect  on  directivity.  Figure  14c  is  the  D/ correction  versus  water  depth  for 
application  in  the  sonar  equation. 


Source  level  calibration 

The  first  step  in  the  calibration  process  is  to  determine  the  absolute  source 
level.  These  data  are  available  from  the  manufacturers  of  some  sonars. 
Unfortunately,  many  seismic  systems  do  not  have  this  information  readily 
available,  and  even  if  they  did,  the  field  operating  conditions  vary  to  such  an 
extent  that  the  published  levels  are  not  sufficient  for  precise  reflection 
computations. 

The  direct  wave  of  the  sonar  source  level  is  calibrated  by  writing  the  sonar 
equation  for  the  measurement  of  the  direct  wave  via  the  calibration  hydrophone 
as  follows: 
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Reflection  Depth,  ft 
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10  20  5o  40  50 

Depth  from  Source,  Ft 
c.  Dl  correction  versus  water  depth 


Figure  14.  Computation  of  Dl  versus  water  depth  and  ration  transducer 


separation 


SL  - 


where 


=  direct  wave  signal  level,  db 


N^jir  transmission  loss  between  source  and  calibration  hydrophone,  db 

A"  the  tenns  in  Equation  4,  except  SL.  are  either  absolutely  known  or  directly 
measured.  Therefore,  solving  for  SL,  the  absolute  source  level  is  determined. 

igure  15  presents  a  typical  seismic  system  calibration  data  plot.  This  single 
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Figure  15.  Typical  acoustic  calibration  record 


data  record  contains  all  the  field  data  required  to  completely  calibrate  all 
aspects  of  the  equipment  operations  and  provide  calibration  data  for  the 
surface  sediment  impedance.  The  SL  calibration  is  performed  using  the  data 
be^een  file  number  0002  and  0004  where  variations  in  amplifier  gain  and 
nydrophone  range  are  occurring. 


An  example  SL  calculation  using  the  sonar  equations  is  shown  in 
Figures  16  through  18.  Figure  16  is  the  calibration  data  record  for  this 
exarnple  (data  format  similar  to  Figure  15).  The  calibration  hydrophone 
ideally  should  be  introduced  into  the  sound  field  along  the  acoustic  axis  of 
the  source.  However,  this  was  difficult  to  accomplish  much  of  the  time  due 

‘^^^‘‘’ration  hydrophone  was  not  rigidly  deployed, 
after,  lowered  into  the  sea  by  the  signal  cable,  resulting  in  significant  drift  of 
hydrophone  position.  The  geometric  arrangement  had  to  be  measured,  and 
then  the  acbml  position  of  the  hydrophone  was  determined  by  triangulation 
relative  to  fte  source.  Unfortunately,  as  shown  in  Figure  17,  the  hydrophone 
located  at  the  veiy  edge  of  fte  beam  pattern  causing  fte  direct  wave  data 
to  be  outside  the  projection  beam  and  of  little  use.  This  situation  was  quite 
typical  of  all  fte  Delaware  coast  calibration  data.  Therefore,  a  secondary 
approach  mcorporatmg  local  core  data  was  used  to  determine  fte  total  energy 

to  calibration  presented 

m  ftis  example  showed  coarse  sand,  which  typically  exhibits  an  acoustic 

ttom  loss  5Z,  of  about  8  db.  Using  ftis  value  of  BL  and  rearranging  fte 
sonar  equation,  a  solution  for  SL  was  solved  from  fte  known  BL.  Figure  1 8 
presents  fte  sonar  equation  computations  and  statistical  evaluation  of  fortv 
consecutive  soundmgs  from  a  digital  subfile  of  fte  calibration  data  This  ^ 
^alysis  was  accomplished  at  six  different  sites  throughout  fte  survey  area 
The  following  tabulation  lists  fte  summary  of  all  calibration  sites  for  SL  for 
tne  operating  conditions  used  during  the  survey. 


Calibration 

Location 

Output  Power,  kW 

SL,  db' 

(Peak  Detect) 

SL,  db 

(RMS  Energy) 

Receive 

Sensitivity 

PCL6 

2.5 

102 

97 

-72 

PCL4 

5.0 

105 

100 

-72 

PC12 

5.0 

103 

'  99 

-72 

PCL5 

5.0 

104 

100 

-72 

Avg  5  kW 

5.0 

104 

100 

-72 

iL  '  Calibration  levels  are  in  db  relative  to  1  dvne/cm' 

________ 

Receiving  hydrophone  sensitivity  calibration 

As  with  the  source  level,  the  array  sensitivity  of  fte  receiving  hydrophones 
hyj,,  must  be  absolutely  known.  The  field  calibration  is  performed  by  com- 
paring  the  signal  levels  of  fte  receiving  array  with  the  calibration  hydrophone 
over  fte  same  bottom  condition.  The  calibration  hydrophone  is  located  in  fte 
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Figure  16.  Calibration  record  site  PCI  2;  bottom  loss,  source  level,  and  directivity  determination 


Figure  17.  Beam  pattern  plot  and  directivity  check 

immediate  vicinity  of  the  receiving  array  at  the  same  depth  elevation.  The  sonar 
equation  is  designed  to  solve  for  as  follows: 


N. 


N, 


hydc 


N.. 


(5) 


where  and  are  the  receive  signals  and  amplifier  gains  for  the 

receiving  array  and  calibration  hydrophone,  respectively.  The  for  foe  array 
used  for  the  Delaware  coast  survey  has  been  calculated  and  verified  over 
munerous  projects  to  be  -72  db  relative  to  1  dyne/cm^. 


Determination  of  Bottom  Loss  and  Surface 
Reflection  Coefficient 

The  bottom  surface  characteristics  are  evaluated  through  the  sonar  equation 
by  rearranging  Equation  3  to  solve  for  BL  as  follows: 
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AMPLITUDE  -  VOLTS 


Select  Bottom  Reflection  Time  Window; 


FILE:  pcl20004 


CALIBRATION:  SL  &  BL  FROM  CAL  DATA 
FILE:  pcl20004 


Amplifier  Gain  (dB) : 
Hydrophone  Sensitivity: 

Range  of  Direct  Signal: 

Range  of  Bottom  Reflection: 

10.00  dB 
-86.00  dB 

2.55  meters 
23.89  meters 

Trace 

« 

SIGdir 

SIGbot 

SL 

BL 

1 

9.90 

-8.75 

101.15 

6.56 

2 

9.26 

-4.72 

99.75 

0.61 

3 

9.64 

-9.58 

100.89 

7.06 

4 

10.57 

-9.08 

101.22 

6.85 

5 

10.35 

-9.87 

103.18 

9.31 

6 

10.52 

-10.59 

103.35 

10.13 

7 

10.39 

-9.87 

103.22 

9.58 

8 

9.84 

-7.92 

102.17 

6.67 

9 

10.11 

-8.53 

101.06 

5.97 

10 

9.74 

-10,41 

102.08 

9.12 

11 

9.88 

-8.55 

100.83 

5.77 

12 

9.70 

-6.69 

103.23 

6.26 

13 

10.12 

-8.67 

102.33 

7.35 

14 

10.58 

-7.64 

102.79 

6.86 

15 

10.09 

-9.51 

100.74 

6.89 

16 

10.21 

-13.31 

102.41 

12.58 

17 

9.82 

-9.11 

100.47 

6.00 

18 

9.49 

-6.51 

101.02 

3.85 

19 

9.58 

-14.41 

101.11 

12.42 

20 

9.97 

-6.88 

102.04 

4.96 

21 

9.20 

-10.31 

100.59 

7.67 

22 

9.35 

-13.21 

101.56 

11.61 

23 

9.48 

-9.58 

99.98 

6.03 

24 

9.10 

-9.64 

99.10 

5.27 

25 

9.60 

-11.86 

101.94 

10.38 

26 

9.44 

-13.51 

100.98 

11.38 

27 

10.00 

-7.17 

102.84 

6.23 

28 

10.46 

-6.95 

102.66 

5.65 

29 

9.11 

-9.23 

100.64 

6.27 

30 

9.86 

-9.51 

102.20 

7.80 

31 

10.30 

-11.07 

103.83 

11.61 

32 

10.52 

-11.46 

103.35 

11.14 

33 

11.21 

-7.31 

105.28 

9.04 

34 

9.04 

-8.17 

99.85 

4.53 

35 

9.37 

-8.96 

100.91 

6.32 

36 

10.15 

-7.05 

103.68 

6.75 

37 

9.54 

-8.87 

101.21 

6.74 

38 

11.46 

-8.30 

104.42 

8.92 

39 

10.79 

-8.50 

104.32 

9.13 

40 

11.05 

-5.66 

103.89 

5.57 

Max 

11.46 

-4.72 

105.28 

12.58 

Mean 

9,99 

-8.93 

101.96 

7.57 

Min 

9.04 

-14.41 

99.10 

0.61 

Std 

0.59 

2.13 

1.44 

2.55 

Figure  18.  SL  calibration  data  for  site  PCI  2 
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Since  all  terms  on  the  right  side  of  the  equation  are  now  known,  BL,  and 
therefore  the  surface  reflection  coefficient  (BL  =  20  log,o  R)  and  acoustic 
impedance,  can  be  readily  determined.  If  the  desired  result  is  an  assessment  of 
the  bottom  surface  characteristics,  the  acoustic  solution  is  complete.  All  that 
remains  is  the  correlation  of  the  acoustic  parameters  with  the  physical  sediment 
properties.  BL  was  evaluated  over  the  entire  study  area. 


Geoacoustic  Relationships 

Impedance  versus  density  model 

As  explained  in  Chapter  5,  no  measurements  of  density  were  performed  on 
the  core  samples,  thus  requiring  an  empirical  derivation  of  impedance  versus 
density  from  previously  established  databases.  Using  impedance  versus  density 
relationships  from  Hamilton  and  Bachman  (1982)  and  McGee'  (Figure  19) 
incorporated  with  the  Delaware  coast  density  estimates  from  the  grain  size 
analysis  of  Figure  12,  an  impedance  versus  density  model  was  developed  for  the 
Delaware  coast  study.  Figure  20  presents  Z  versus  p.  The  lower  part  of  the 
curve  (/?  <  1 .6  g/cm^)  was  established  from  Caulfield’s  database  for  fine-grained 
sediments  used  in  the  AC50  program  (Caulfield  1992).  Impedance 
measurements  up  to  about  3,200  lO^g/cm^sec  exhibit  very  good  statistical 
correlations.  The  standard  deviation  of  the  data  points  about  the  empirical 
impedance  flmction  for  impedances  below  3,700  is  0.08  g/cnf ,  and  the 
95  percent  confidence  interval  (95  percent  of  the  data  is  within  this  limit)  is 
±0.10  g/cm^.  Data  scatter  is  more  pronounced  for  values  of  Z  greater  than 
3,200  X  lO^g/cm^sec.  Not  enough  ^ta  points  exist  beyond  3,700  x  lO^g/cm^sec 
to  adequately  assess  the  statistics  above  this  value. 

The  impedance  measurements  and  the  density  estimates  varied  among  core 
sites  where  the  samples  contained  sediment  mixtures,  such  as  clayey  sands, 
and  well-graded  (poorly  sorted)  sediments.  For  the  Delaware  coast,  this 
variation  was  greatest  between  1.9  and  2.05  g/cm^  the  sediment  range  where 
the  clayey  sands  and  some  poorly  graded  (well-sorted)  sediments  exhibited 
similar  acoustic  impedance  responses.  This  is  expected  since  the  mean  grain 
size  parameter  (used  to  infer  p  for  the  sands)  describes  a  poorly  graded  (well- 
sorted)  sediment  quite  accurately.  For  well-graded  (poorly  sorted)  sediments 
and  sediment  mixtures,  mean  grain  size  does  not  fully  describe  the  sediment 
condition.  The  presence  of  different  sediment  types  within  a  given  sediment 
unit  can  have  a  significant  effect  on  the  acoustic  response  characteristics  of 
that  sediment  unit.  This  situation  illustrates  one  limitation  in  using  a  strictly 
acoustic  impedance  approach.  Impedance  is  based  primarily  on  the  total 
energy  in  the  reflected  signal  and  does  not  directly  consider  absorption  and 
velocity,  factors  that  are  probably  more  geoacoustically  sensitive  to  variations 


'  R.  G.  McGee.  (1991).  “Subbottom  hydro-acoustic  survey  of  Gulfjxirt  Ship  Channel.” 


40 


Chapter  6  Phase  IV:  Geoacoustic  Modelling 


Figure  20.  Density  versus  impedance,  Delaware  coast 

in  sediment  structures.  In  the  case  of  poorly  graded  sands  and  gravels  (sediment 
grains  basically  uniform),  the  impedance  measxirements  and  density  estimates 
were  quite  consistent. 


impedance  versus  mean  grain  size  modei 

Using  data  from  Table  4,  a  general  relationship  between  mean  grain  size  and 
Z  was  developed  to  aid  in  sediment  characterization.  Figure  21  presents  the 
empirically  derived  impedance/grain  size  function  for  the  Delaware  coast  study. 
Except  for  a  few  data  outliers  the  acoustic  impedance  exhibits  good  correlation 
with  the  mean  grain  size  parameter.  As  stated  previously,  mean  grain  size  does 
not  always  fully  describe  the  sediment  condition.  The  presence  of  different 
sediment  types  within  a  given  sediment  imit  can  have  a  significant  effect  on  the 
acoustic  response  characteristics  of  that  sediment  unit.  In  this  case,  the  outliers 
represent  cores  containing  sediment  mixtures  (SC,  SM)  and  some  well-graded 
sediments  (SW).  Poorly  graded  sands  and  gravels  showed  excellent  consistency 
The  mean  grain  size  model  does  not  apply  for  sediment  sizes  smaller  than  4<t). 
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Figure  21 .  Mean  grain  size  versus  impedance:  Delaware  coast 


BL  versus  sediment  properties 

Acoustic  BL  was  determined  at  each  core  site  for  cores  KHV-3 1  through 
KHV-58.  The  Z  for  the  bottom  surface  reflection  was  determined  by  computing 
the  total  wavelet  energy  in  the  bottom  reflection  signal  and  substituting  this 
energy  for  S/f  into  Equation  6,  solving  for  BL.  BL  was  then  converted  to 
reflection  coefficient  i?  and  Z  using  Equation  2.  Figures  22  and  23  present 
typical  bottom  Z  evaluations  for  core  sites  KHV-3 1  and  KHV-32,  respectively. 
The  figures  consist  of  the  pinger  reflection  record  and  a  plot  of  the  BL 
computations  and  statistical  evaluations  versus  sequential  data  files.  The  mean 
BL,  RC,  and  Zs  values  represent  the  arithmetic  mean  of  all  soundings  over  the 
entire  record.  Individual  data  points  on  the  plot  are  the  statistical  results  (mean 
and  ±  standard  deviation)  for  the  40  consecutive  soundings  stored  in  each  data 
subfile. 

The  surface  sample  from  core  KHV-3 1  is  characterized  as  a  clayey  sand  (SC) 
with  a  computed  mean  grain  size  of  2.340.  Based  solely  on  mean  grain  size,  the 
sample  is  classified  as  a  fine  sand.  From  Figure  12,  the  wet  density  of  the 
sample  is  estimated  between  1.7  and  1.8  g/cm^  The  computed  mean  BL  was 
10.96  db  (Figure  22)  with  an  equivalent  R  of  0.29.  The  Z,  computed  relative  to 
seawater  (Equation  2)  was  2,746  x  10 Vcm%ec.  Using  the  density  model  of 
Figure  20,  the  acoustically  derived  density  is  estimated  to  be  1.74  g/cm^  within 
the  range  of  the  estimated  sample  density. 

The  surface  sample  from  core  KHV~32  is  characterized  as  a  poorly  graded 
medium  to  coarse  sand  (mean  0  =  0.95)  with  some  round  gravels.  From  the 
density-grain  size  relationship  established  in  Figure  12,  wet  density  is 
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estimated  between  2.0  and  2.1  g/cm^  With  a  computed  mean  BL  of  8.97  and 

equal  to  0.374  (Figure  23)  the  resultant  Z  for  the  site  is  3,370  x  Itfg/cirfsec. 

According  to  the  density  model,  this  equates  to  an  estimated  density  of 
1 .95  g/cm  ,  which  is  within  5  percent  of  the  estimated  in  situ  density. 

This  analysis  was  accomplished  for  all  surface  sampled  locations 
summarized  in  Table  4.  These  values  are  for  the  surface  sediments  only  and 
are  used  to  calibrate  and  verify  the  impedance-density  function  used  for  sedi¬ 
ment  characterization  since  the  surface  Z  is  well-defined.  Impedances  of  the 
subbottom  layers  are  determined  only  after  all  the  losses,  particularly  absorption, 
have  been  estimated.  Therefore,  for  development  of  the  impedance  function. 

It  was  preferable  to  use  only  impedance  values  calculated  fi-om  absolute  acoustic 
measurements. 


Absorption  calibration 


One  of  the  primary  energy  losses  encountered  during  acoustic  wave 
propagation  through  differing  media  is  that  due  to  absorption.  This  loss  involves 
a  process  of  conversion  of  acoustic  energy  into  heat  and  thereby  represents  a  true 
loss  of  acoustic  energy  to  the  medium  in  which  propagation  is  taking  place. 
Energy  loss  due  to  absorption  has  been  researched  extensively  for  marine 
sediments  through  which  reasonable  approximations  of  loss  are  provided. 
Hamilton  and  others  (refer  to  Bibliography)  present  convincing  experimental 
evidence  of  absorption's  relationship  to  the  first  power  of  fi-equency.  Hamilton 
(1972a)  presents  the  following  important  observations; 

a.  Absorption  is  dependent  on  the  first  power  of  fi'equency. 

b.  Velocity  dispersion  is  not  important. 

c.  Intergrain  fnction  appears  to  be,  by  far,  the  dominant  cause  of  wave 
energy  dampening  in  marine  sediments. 


Specifically,  absorption  varies  as  a  function  of  fi'equency  according  to  the 
empirical  equation 


a  =  hf” 


(7) 


where 

a=  absorption,  db/m 
k  =  attenuation  coefficient,  db/m/kHz 
/=  frequency,  kHz 
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SUBBOTTOM  RECORD;  DATA  FILE  POIN  0240-0294 


Figure  22.  Impedance  evaluation;  core  site  KHV-31 
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BL,  DB 


SUBBOTTOM  RECORD:  DATA  FILE  P02N 


Figure  23.  Impedance  evaluation;  core  site  KHV-32 
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n  =  exponent  of  frequency 


The  constant «  has  been  experimentally  determined  to  be  essentially  unity  for  the 
frequencies  of  interest  leaving  A:  in  Equation  7  as  the  only  variable.  This  constant 
vanes  with  sediment  type  and  is  related  to  porosity  and  mean  grain  size  as  shown 

n  of  this  model  as  described  by  Caulfield  and  Yim 

(1983)  and  Caulfield,  Caulfield,  and  Yim  (1985)  is  used  in  the  AI  method  to 
estimate  the  engmeering  properties  of  marine  sediments.  A  reasonable  measure 

of  absorption,  m  keepmg  with  Equation  7,  is  provided  assuming  an  exponential 
correction  as  a  function  of  frequency  by 


10  log. 


10 


X  X 

,  kc 


(8) 


where 


p  -  density  of  layer,  gm/cc 

k  —  attenuation  coefficient  (similar  to  Hamilton’s) 

c  =  sound  velocity  of  layer 

X—  precision  absoiption  correction  factor 

^e  coefficient  k  is  either  experimentally  derived  or  estimated  from 
Hamilton's  regression  equation  (Figure  24),  and  the  correction  factorZis 
included  to  compensate  for  localized  variations  in  the  absorption  properties  of 
sediments  m  a  given  geologic  setting.  This  value,  termed  the  absorption 
factor  in  the  AC50  program,  normally  remains  unity  and  is  altered  only  when 
e  lied  core  data  are  available,  providing  regional  absorption  data.  The  value 

is  mcreased  or  decreased  so  that  the  deeper  impedance  estimates  match  the 
deeper  core  properties. 

The  absorption  factor  was  determined  in  the  Delaware  coast  study  by 
comparing  the  rate  of  absorption  in  a  given  sediment  across  a  range  of  fre¬ 
quencies.  Since  absorption  varies  linearly  with  frequency  (Equation  7)  the 
absorption  coefficient  can  be  evaluated  by  matching  the  impedance  of  a  deep 
reflector  from  data  of  two  or  more  frequencies.  This  was  accomplished  with 
3,500-  and  1,000-Hz  data  collected  along  line  7N.  Figure  25  presents  the 
subbottom  reflection  profiles  in  the  vicinity  of  core  KHV-38  for  both  3,500- 
Md  1,000-Hz  data.  The  core  data  (Appendix  A  and  Table  2)  show  8  ft  of 
dark  brown  clayey  sand  (SC)  with  shell  fragments  with  a  computed  mean 
gram  size  of  1.83  and  an  inferred  density  (from  Figure  12)  of  1.9  g/cnf 
The  computed  Z  for  the  surface  was  3,997  x  i  (y  g/cnf  sec,  which  is 
associated  vnth  a  density  value  approximately  1 5  percent  higher  than  that 
inferred.  A  density  of  2.0  g/cm^  is  categorically  associated  with  a  fine  sand 
according  to  Table  3.  As  discussed  in  the  section  “Impedance  versus  density 
model,  the  presence  of  different  sediment  types  within  a  given  sediment  unit 
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can  have  a  significant  effect  on  the  acoustic  response  characteristics  of  that 
sediment  unit.  The  computed  acoustic  impedance  value  supports  the  apparent 
density  range  of  the  sample.  Therefore,  a  density  value  between  2.0  and 
2.1  g/cm^  was  used  for  surface  analysis  in  the  absorption  calibration.  This  upper¬ 
most  sediment  unit  overlays  successive  layers  of  sand.  These  sand  layers 
increase  in  grain  size  from  a  silty  sand  at  -9.2  ft  =  1.56)  to  well-graded 
coarse  sand  and  gravel  {<j>^  =  -1.26). 

The  AC50  program  was  used  to  conduct  the  absorption  calibration  by 
varying  the  absorption  factors  for  the  data  at  both  frequencies  until  impedance 
calculations  of  the  subbottom  horizons  for  each  frequency  source  were  matched. 
The  data  files  chosen  for  the  absorption  analysis  (files  P07N0642  and  B07N0473 
for  the  3,500-Hz  and  1,000-Hz  data,  respectively)  were  offset  from  the  actual 
location  of  core  KHV-38  as  shown  by  Figure  25.  This  was  to  get  into  an  area  of 
improved  data  quality  and,  more  importantly,  to  maximize  the  layer  thickness 
above  the  deepest  reflector,  improving  the  absorption  calculations.  Figure  26 
presents  the  impedance  and  density  estimates  for  both  the  3,500-Hz  and 
1,000-Hz  data  at  the  selected  calibration  site.  The  3,500-Hz  results  are  about 
10  percent  higher  than  the  1,000-Hz  results  at  the  deeper  reflector,  due  mostly  to 
the  relatively  poor  quality  of  the  1,000-Hz  data  compared  to  that  at  the  3,500-Hz. 
The  estimated  ping-to-ping  variability  of  the  total  energy  in  each  data  trace  for 
the  1,000-Hz  data  is  at  best  ±1  db,  which  translates  to  an  approximately 
±10  percent  repeatability  in  the  results.  The  geoacoustic  calibrations  for  cores 
KHV-37  through  KHV-39  are  presented  in  Figxires  27  through  29,  respectively, 
and  show  the  acoustically  derived  density  and  grain  size  data  compared  with 
laboratory-measured  values  from  the  core  samples.  Determinations  of  mean 
^in  size  are  within  ±10  percent  of  the  measured  values  for  the  deepest  samples 
in  each  core. 

The  absorption  evaluation  was  further  verified  through  synthetic  modeling. 
This  modeling  involves  creating  one-dimensional  synthetic  seismograms  by 
simply  convolving  a  known  wave  form,  such  as  the  source  wavelet  measured 
during  calibration,  with  a  reflectivity  function  derived  from  actual  geologic 
data.  Figure  30  presents  the  acoustic  modeling  results  for  1,000-Hz  data  col¬ 
lected  in  sediments  similar  to  that  used  in  the  previously  discussed  absorption 
calibration.  The  main  difference  was  a  5-ft-thick  clay  layer  beginning  16  ft 
below  the  surface.  A  geologic  environment  was  constructed  based  on  initial 
interpretations  of  the  seismic  records  and  from  computations  of  impedance  of 
the  surface  sediments  using  the  sonar  equations.  Engineering  properties  for 
each  of  the  sediment  xmits  were  modeled  using  the  geoacoustic  relationships 
for  density,  impedance,  and  grain  size  for  this  study.  Reflection  coefficients 
for  each  reflecting  horizon  were  computed  using  Equation  2  and  are  listed 
along  with  each  parameter  in  Figure  30.  The  depths  are  not  related  to  the 
local  datum  (mllw)  but  do  accurately  represent  Ae  actual  sediment  thick¬ 
nesses.  A  reflection  sequence  was  constructed  versus  depth  and  the  reflection 
coefficients  then  convolved  with  a  typical  boomer  source  signature  to  generate 
the  synthetic  seismogram.  Note  as  Ae  sediment  layers  alternate  between 
softer  and  harder  sediments,  the  polarity  of  the  reflection  coefficient  alternates 
between  positive  and  negative.  This  very  important  data  characteristic  will  be 
discussed  further  later  in  this  report.  An  actual  boomer  time-history  plot  from 
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Figure  26.  and  density  at  3,500  Hz  and  1,000  Hz,  absorption 


ncM-  the  modelling  site  is  presented  in  Figure  30  and  reveals  a  reflection 
horizon  at  each  interface.  Note,  however,  that  there  is  no  apparent  indication 
of  the  polarity  of  the  reflection  coefficient  in  the  unprocessed  reflection  trace. 


Polarity  of  reflection  coefficient 

As  shown  in  the  situation  described  in  the  preceding  section,  the  nature 
of  the  impedance  change  (higher  or  lower)  at  a  reflection  horizon  will  produce 
either  a  positive  or  negative  reflection  coefficient.  A  negative  reflection 
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GEDACDUSTIC  CALIBRATION 


Project;  DELAWARE  COAST  STUDY _ 
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Figure  27.  Geoacoustic  calibration;  KHV-37 


coefficient  results  from  the  phase  change  of  the  reflected  signal  occurring  when 
the  wave  reflects  off  a  softer  layer.  Using  match-filter  correlation  techniques'  to 
correlate  the  source  wavelet  with  the  reflected  wave,  an  assessment  of  the 
polarity  of  the  reflection  coefficient  can  be  attempted.  The  final  plot  in  Figure  30 
presents  the  same  boomer  data  after  correlation  with  the  source  wavelet  acquired 
during  onsite  equipment  calibrations.  There  is  some  indication  of  the  polarity  of 
the  reflection  wavelets  as  shown  by  the  apparent  reversing,  or  flipping,  of  the 
wave  pattern  (quite  obvious  for  wavelet  3  on  the  figure). 

The  AC50  program  used  to  analyze  the  data  from  the  Delaware  coast  survey 
does  not  automatically  compensate  for  changes  in  polarity  of  the  reflection 
coefficient.  Many  of  the  cores  retrieved  throughout  the  survey  area  were 
characterized  as  fine  to  medium  sands  overlaying  silts  and  clays.  This  made 


'  Correlation  technique  used  is  described  in  Caulfield  (1991a)  and  McGee,  Ballard,  and  Caulfield 
(1995). 
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Figure  28.  Geoacoustic  calibration;  KHV-38 


processing  and  analysis  of  the  pinger  data  quite  difficult  in  many  areas,  requiring 
the  determination  of  reflection  coefficient  polarity  (+  or  -)  outside  the  AC50 
program  and  applied  externally.  Verification  was  provided  through  core  data 
and  by  applying  certain  geoacoustic  constraints; 

a.  Absorption.  Competent  sediments  such  as  sands  £ind  gravels  exhibit 
higher  rates  of  attenuation  than  less  competent  silts  and  clays.  Therefore, 
the  presence  of  3,500-Hz  high-amplitude  reflectors  at  depths  greater  than 
10-15  m  indicates  that  softer  sediments  are  most  likely  present  in  the 
subsurface  above  the  deep  reflector.  Sands  and  gravels  will  reflect  a  high 
percentage  of  the  incident  energy  and  highly  attenuate  the  transmitted 
portion,  severely  limiting  the  possible  depth  of  penetration. 

b.  Reflectivity.  The  amplitude  coefficient  of  a  reflected  wave  is  a  function  of 
the  change  in  impedance  between  the  layers  (Equation  2).  Therefore,  a 
low-amplitude  reflection  usually  indicates  a  small  change  in  sediment 
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GEOACOUSTIC  CALIBRATION 
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Figure  29.  Geoacoustic  calibration:  KHV-39 


type,  and  a  high-amplitude  reflection  a  significant  difference  in  material. 
This  is  not  always  the  case,  however,  since  the  absorption  and  reflectivity 
of  competent  sediments  will  result  in  apparent  high  attenuation  and  a  rela¬ 
tively  low-amplitude  reflection  even  for  a  major  change  in  sediment  type. 

c.  Impedance.  Successive  reflectors  must  exhibit  reasonable  impedance 
values.  For  example,  a  high-amplitude  reflection  beneath  a  packed,  poorly 
graded  sand  could  possibly  result  in  an  unreasonable  estimate  of  the 
impedance  if  considered  to  be  a  positive,  or  increasing,  reflection 
sequence.  On  the  other  hand,  this  high-amplitude  reflector  might  very 
well  represent  a  significant  change  in  sediment  type,  such  as  silt  or  clay. 
Computations  of  Z  based  on  ±R  values  were  made  throughout  the  project 
to  assess  the  reasonableness  of  successive  impedance  calculations. 
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Reflection  Coefficient 


Figure  30.  Forward  model  comparison  with  actual  data 


Figures  31  through  37  present  the  remaining  geoacoustic  calibration 
summaries  of  the  3,500-Hz  pinger  data  collected  for  the  Delaware  coast  survey. 
Each  figure  includes  a  representative  section  of  the  reflection  data  in  the  vicinity 
of  the  core,  plots  of  the  acoustically  derived  estimates  of  impedance,  density,  and 
mean  grain  size  versus  depth,  measured  mean  grain  size  versus  depth,  and  the 
core  lithology.  Density  predictions  are  estimated  to  be  within  ±10  percent  of 
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Figure  31.  Geoacoustic  calibration;  KHV-31 


in  situ  since  no  density  measurements  were  conducted  on  the  core  samples.  With 
laboratory  density  analysis,  these  results  could  have  been  improved  to  between 
5  and  7  percent.  Estimates  of  mean  grain  size,  especially  for  the  surface 
sediments,  are  within  about  ±  0.5^.  This  is  quite  encouraging  since  acoustic 
response  characteristics  of  sediments  as  related  to  mean  grain  size  tend  to  exhibit 
more  scatter  in  the  data  (Chapter  5). 


Limitations 


As  with  any  remote  sensing  technique,  limitations  exist.  The  limitations 
must  be  understood  in  order  to  use  the  method  appropriately.  Probably  the 
most  common  fault  encountered  in  geophysical  studies  is  the  improper 
application  of  a  given  technique  for  a  given  study  objective.  Following  is  an 
overview  of  the  major  limitations  with  the  present  AI  technique  as  well  as 
project-specific  problems. 
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Figure  32.  Geoacoustic  calibration;  KHV-32 


Signal-to-noise  ratio 

The  ability  to  accurately  assess  any  environment  is  strictly  a  function  of 
the  quality  of  the  data  obtained.  Low  S/N  data  will  produce  poor-quality 
results  or  possibly  no  results  at  all.  The  AI  method  limits  its  processing  to 
data  with  a  S/N  ratio  greater  than  5  db.  One  must  always  be  suspicious  of 
impedance  predictions  in  areas  of  poor  S/N  data.  Therefore,  no  analysis  is 
performed  on  poor  S/N  data.  The  sediment  profiles  are  annotated  to  identify 
poor  S/N  data. 


Layer  identification 

Unique  sediment  units  can  be  identified  only  when  an  impedance  change 
exists.  Gradual  changes  in  soil  type  may  not  result  in  an  impedance  differential 
large  enough  to  produce  a  reflection. 
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Figure  33.  Geoacoustic  calibration:  KHV-33 


Resolution 

Vertical  resolution  and  the  ultimate  depth  of  penetration  are  dependent 
primarily  on  the  frequency  of  the  sound  wave.  Higher  operating  frequencies 
permit  greater  resolution  of  the  marine  sediments  but  shallower  depths  of 
energy  penetration  depending  on  the  characteristics  of  the  subbottom  materials. 
Also,  in  high-attenuation  sediments,  the  higher  frequencies  are  attenuated  at  a 
higher  rate  than  the  low  frequencies,  resulting  in  degradation  of  resolution  and 
errors  in  absorption  estimates  for  very  deep  layers.  For  this  study,  a  pulse  length 
of  1  msec  was  selected  to  improve  the  S/N  ratio;  however,  this  limited  the 
vertical  resolution  to  about  2  ft.  As  stated  in  the  section,  “Bathymetry,”  depths 
were  adjusted  to  match  the  high-accuracy  fathometer  depths,  providing  10:1 
improvement  in  the  depth  resolution. 

The  greatest  effect  the  1-msec  pulse  length  had  on  the  data  was  in  the 
detection  of  sediment  layers  of  less  than  2  ft  in  thickness.  Some  of  the  cores 
indicated  6-in.  to  1  -ft  layers  of  sand  over  silts  and  clays,  and  others  showed 
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Figure  34.  Geoacoustic  calibration:  KHV-34 


lenses  of  soft  sediments  between  sand  layers.  Due  to  the  pulse  length,  these 
layers  are  not  always  detected.  Cores  KHV-32,  KHV-34,  and  KHV-39  are 
examples  of  both  of  the  situations  and  are  presented,  along  with  the  acoustic 
profile  data,  in  Figures  32,  34,  and  29,  respectively.  In  order  to  overcome  this 
problem,  individual  pings,  or  data  traces,  were  analyzed  to  identify  vertical 
changes  in  the  sediment  structure.  Figure  38  shows  a  section  of  the  subbottom 
reflection  record  for  line  P05N  in  the  vicinity  of  core  KHV-36  and  a  sequence  of 
selected  individual  data  traces  for  the  same  record.  Reflections  are  occurring 
close  together  and  multiple  layers  are  not  always  readily  apparent  on  the 
subbottom  record.  This  can  also  cause  problems  in  analytically  detecting  each 
reflection  horizon,  requiring  more  detailed  analysis  as  shown  in  Figure  38  to 
properly  assess  the  sediment  environment.  Should  a  significant  change  of 
material  occur  within  the  pulse  length  of  the  echo  wavelet,  detection  may  not 
occur. 
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Figure  35.  Geoacoustic  calibration:  KHV-35 


Beam  pattern  or  directivity 

Expenence  has  shown  that  beam  pattern  and  transducer  directivity  contribute 
si^ificantly  to  signal  degradation.  Sloping  bottoms  and  rapidly  dipping 
reflection  horizons  cause  inconsistent  reflection  data  through  focusing  and 
defocusing  of  the  mcident  energy.  Rough,  irregular  bottoms  with  numerous 
scatterers  will  specularly  disperse  energy  away  from  the  receiving  array. 

Specific  directivity  problems  and  the  approach  to  solving  the  problem  are 
discussed  in  the  section,  "Equipment  Calibration:  Sources  and  Receivers." 


Relatively  shallow  cores 

Cores  were  collected  to  depths  of  20  ft  below  the  bottom.  Since  the  objec¬ 
tive  of  the  study  was  to  identify  sediments  in  the  uppermost  20  ft  of  the  sub¬ 
surface,  the  core  depths  would  seem  to  be  sufficient.  In  general,  they  are; 
however,  in  some  areas  of  the  study,  significant  subsurface  anomalies  and 
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Figure  36.  Geoacoustic  calibration;  KHV-36 


noncomformities  were  detected  below  the  20-ft  depth,  preventing  absolute 
verification  of  the  acoustically  derived  sediment  properties. 


Sediment  sample  density  measurements 

As  stated  in  Chapter  5,  no  density  measurements  were  obtained  on  any  of  the 
samples  taken  fi'om  sediment  cores.  Even  though  density  nieasurements  fi’om 
vibracore  samples  are  not  considered  absolute  measures  of  in  situ  density,  they 
do  provide  reasonable  estimates  of  the  overall  competency  of  the  sediments  m 
question.  The  standard  error  associated  with  the  acoustically  derived  density 
estimates  could  have  been  reduced  to  ±  5.0  percent  compared  with  the 
±  10.0  percent  determined  for  this  study.  It  is  hi^ly  recommended  that 
laboratory  determinations  of  wet  density  be  obtained  on  all  sediment  samples  for 

AI  studies. 
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Figure  37.  Geoacoustic  calibration;  KHV-40 


Frequency 

The  “Absorption  calibration”  section  describes  a  technique  for  assessing 
absorption  by  comparing  the  rate  of  absorption  in  a  given  sediment  across  a 
range  of  frequencies.  Two  frequencies  were  operated  during  the  survey, 
3,500-Hz  pinger  and  1,000-Hz  boomer  sources.  In  the  presence  of  competent 
sands  and  gravels,  acoustic  penetration  was  severely  limited  with  the  pinger 
source,  preventing  detection  of  material  changes  within  the  upper  20  ft  of 
sediment.  The  boomer  source,  operated  for  the  purpose  of  penetrating  frirough 
these  competent  layers,  did  not  always  deliver  data  of  sufficient  S/N  ratio  useful 
for  analysis.  Sea  conditions  during  the  time  of  the  survey  precluded  the  optimum 
operation  of  the  boomer.  The  only  boomer  data  collected  that  provided  any 
analytical  benefit  was  along  line  7N  and  was  used  for  the  absorption  calibration. 
Because  the  pinger  was  the  only  reliable  data  source,  acoustic  penetration  is 
limited  in  some  areas. 
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7  Phase  V:  Discussion  of 
Resuits 


Sediment  Profiles 

The  distributions  of  computed  sediment  densities  and  mean  grain  sizes 
within  the  project  area  are  presented  in  Plates  1-41  as  two-dimensional  profiles 
illustrating  the  primary  bottom  and  subbottom  interfaces  and  differing  zones  of 
sediment  material.  For  presentation,  the  survey  area  is  divided  into  four 
equidistant  zones,  two  in  the  north  sector  and  two  in  the  south  (Figure  6).  The 
naming  convention  for  the  plates  identifies  the  general  vicinity  of  each  line, 
i.e.,  line  PION-N  is  the  sediment  profile  for  the  northern  half  of  line  ION.  The 
profiles  illustrate  the  depth  to  a  particular  interface  (in  feet  mllw),  representative 
sediment  properties,  and  corresponding  location  along  the  survey  line.  The 
labelled  black  dots  at  the  top  of  each  profile  denote  the  survey  track  line  and 
direction.  Each  dot  also  represents  the  beginning  of  every  seismic  data  file 
recorded  in  order  to  give  an  indication  of  the  data  coverage  along  each  line  and 
assist  in  correlating  the  raw  data  and  interpreted  results.  The  associated  label 
represents  the  data  file  number  and  correlates  with  the  data  file  number  on  the 
color  subbottom  reflection  records  (Figure  8).  Lines  of  latitude  are  displayed  on 
each  profile.  The  sediment  profiles  have  been  completely  adjusted  for  horizontal 
position  (effects  of  boat  speed)  and  survey  heading.  All  profiles  are  presented 
heading  in  a  southerly  direction,  allowing  consistency  in  the  data  interpretation. 
Actual  boat  heading  is  in  the  direction  of  increasing  data  file  numbers  on  the 
profiles.  Finally,  all  cores  used  during  the  study  are  identified  on  the  profiles. 


Sediment  Description 

The  sediments  encountered  in  the  survey  area  off  the  Delaware  coast 
consist  primarily  of  marine  sands  of  varying  gradations,  ranging  fi-om  muddy, 
silty  sands  to  poorly  graded  sands  and  gravels.  The  study  correlates  very  well 
with  the  findings  of  Sheridan,  Dill,  and  Kraft  (1974)  and  Collins  (1982). 
Figure  39  presents  areas  within  the  survey  recommended  for  further  testing  as 
to  their  suitability  as  sources  of  potential  beach  replenishment  material. 
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Northern  sector  summary 

The  northern  sector  of  the  survey  comprises  three  basic  physiographic 
units:  (a)  the  Hen  and  Chicken  Shoal  complex  in  the  northern  half,  (b)  a 
shelf-transverse  valley  to  the  south  of  the  Hen  and  Chickens  Shoal,  and  (3)  a 
linear  shoal  field  located  directly  east  of  Rehoboth  Bay.  Plates  1-21  present 
the  sediment  profiles  for  the  northern  sector  of  the  study  area. 

The  Hen  and  Chickens  Shoal  is  located  off  of  Rehoboth  Beach  between 
280,000N  and  255,OOON  as  shown  by  the  contours  in  Figure  9.  Sediment 
profiles  for  the  shoal  are  presented  in  Plates  4-10  and  20  and  21 .  Five  cores, 
KHV-35,  -37,  -40,  -41,  and  -58  (Appendix  A),  were  located  within  the  Hen 
and  Chickens  Shoal.  These  cores  described  poorly  graded  fine  to  medium 
sands,  with  the  coarser  materials  located  on  the  eastern  half  of  the  shoal.  The 
acoustic  analysis  correlated  very  well  with  the  core  analysis.  Figures  40  and  41 
present  acoustic  BL  and  Z  computations,  computed  density,  and  mean  grain  size 
for  the  surface  sediments  near  core  locations  KHV-35  and  KHV-40  (Figures  35 
and  37).  These  computations  are  based  on  the  geoacoustic  models  of  Figures  20 
and  21.  No  subsurface  reflections  were  detected  along  the  crest  of  the  shoal, 
supporting  the  core  data  showing  uniform  sediment  characteristics  for  the  full 
depth  of  core  (20  fit).  The  core  and  acoustic  data  show  the  sediments  along  the 
Hen  and  Chickens  Shoal,  designated  as  area  A  in  Figure  39,  as  a  potential  sand 
source. 

A  shelf-transverse  valley  is  depicted  south  of  the  Hen  and  Chickens  Shoal 
directly  east  of  Rehoboth  Bay  between  255,000N  and  240,000N.  The  acoustic 
data  revealed  a  competent  reflector  at  depths  of  up  to  -90  ft  extending  to  the 
siirface  near  255,000N  to  the  north  and  237,000N  to  the  south.  This  reflection 
horizon  has  been  identified  by  Sheridan,  Dill  and  Kraft  (1974)  as  a  pre-Holocene 
surface  forming  a  valley  filled  with  lagoonal  muds,  silts,  and  clays  (Plates  16- 
21).  Numerous  paleochannels  filled  with  these  materials  were  detected  near 
shore  developing  into  two  major  paleochannels  in  the  vicinity  of  line  5N.  These 
paleochannels  correspond  to  the  ancient  drainage  systems  identified  by  Kraft  in 
Figure  2.  The  reflecting  facies  within  these  channels  tend  to  be  parallel, 
indicative  of  low-energy  flood-type  inimdations,  such  as  the  sea  level  rise  of  the 
recent  Holocene  era.  This  Holocene  sediment  environment  is  described  in  some 
detail  by  Sheridan,  Dill  and  Kraft  (1974).  Figure  42  is  a  geologic  cross  section 
of  the  central  Rehoboth  Bay  area  developed  by  Kraft  (1971).  This  cross  section 
runs  transverse  to  the  longitudinal  profile  lines  surveyed  for  this  study.  This 
figure  shows  the  estimated  intersection  points  of  each  survey  with  the  geologic 
cross  section.  This  cross  section  confirms  the  acoustic  results.  The  ancient 
Pleistocene  headlands  depicted  correspond  with  sediments  characterized  as 
coarse  sands  and  gravels  on  the  southern  end  of  lines  ION  and  1  IN  (Plates  20 
and  21,  respectively). 

Several  cores  in  the  central  Rehoboth  area  revealed  near-surface  sediments 
classified  as  clayey  sands  (SC),  with  other  cores  containing  poorly  graded 
medium  sands  in  the  top  6-12  in.  The  associated  acoustic  BL  measured  in 
these  areas  predicts  sediment  densities  greater  than  2.0  g/cm?  and  mean  grain 
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Figure  39.  Potential  borrow  areas 
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Figure  41 .  Acoustic  surface  analysis  for  core  KHV-40  area 


Chapter  7  Phase  V;  Discussion  of  Results 


Figure  42.  Geologic  cross  section:  Central  Rehoboth  Bay  modified  from  Collins 
(1982).  WES  survey  lines  added  by  author 

sizes  ranging  between  -  l^and  1  (p.  Core  KHV-39,  described  as  an  SC, 
contains  7  percent  gravel,  82  percent  sand,  and  1 1  percent  fines,  with  a  <f>^  equal 
to  -0.019,  explaining  the  acoustic  response.  Figure  43,  the  acoustic  surface 
analysis  for  Core  KHV-39,  shows  a  computed  mean  grain  size  of  -0.18^. 
Sheridan,  Dill  and  Kraft  (1974)  described  these  sands  as  "not  reminiscent  in 
structure  or  sorting  of  beach  and  dune  sands;  rather  they  exhibited  properties  of 
reworking  as  if  they  were  part  of  the  dynamic  bed  form  in  equilibrium  with  the 
present  nearshore  marine  environment."  Philadelphia  District  cores  and  the 
acoustic  analysis  correlate  with  this  assessment.  The  surface  materials  contain 
quantities  of  very  coarse  grained  sediments  laced  with  10-20  percent  fine 
materials.  The  sediments  in  this  area  are  not  considered  suitable  for  beach 
replenishment  purposes. 

A  linear  shoal  field  located  between  245,000N  and  230,000N  along  lines 
3N  through  9N  contains  fine  to  medium  sands  possibly  suitable  for  beach 
material.  This  area  is  denoted  as  area  B  in  Figure  39  (Plates  13-19).  Core 
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KHV-33  revealed  poorly  graded  sand  with  a  mean  grain  size  of  1.490  at  the 
surface,  becoming  finer  with  depth.  The  acoustic  results  indicated  a  mean  grain 
size  of  0.900.  Sediment  thicknesses  in  this  area  range  between  5  ft  at  the  edges 
of  the  area  to  20  ft  near  the  center.  Core  KHV-2,  near  the  outer  edge,  shows  4  ft 
of  sand  over  clay,  corresponding  precisely  with  the  acoustic  data.  More  detailed 
analysis,  either  through  coring  or  additional  subbottom  profiling,  is  required  to 
delineate  the  limits  of  material  in  this  area. 


Southern  sector  summary 

Two  primary  physiographic  features  foimd  in  the  southern  sector  are 
(a)  linear  shoal  fields  and  (b)  shoal-retreat  massifs.  Also,  three  paleochannels 
transversing  the  survey  area  were  detected  within  the  southern  sector.  The 
northernmost  feature  corresponds  to  the  Indian  River  Inlet  (Figure  39)  and  is 
located  between  230,000N  and  225,OOON  (Plates  22-31).  The  submarine  sedi¬ 
ments  in  the  channel  consist  primarily  of  clays  and  clayey  sands.  Core  KHV-46 
punctures  the  edge  of  this  paleochaimel  along  line  3S  (Plate  24)  and  describes 
dark  grey  muddy  sand  overlying  silty  clays  and  muddy  fine  sands.  The  sediment 
unit  identified  by  the  deepest  reflector  consists  of  well-graded  coarse  sands.  The 
second  paleochaimel  transverses  the  survey  area  in  a  northeast  heading.  It  was 
first  detected  near  Bethany  Beach  at  195,000N  (Plate  32).  This  channel  can  be 
tracked  on  the  sediment  profiles  in  the  northern  section  of  Plates  32-35,  and  the 
southern  section  of  Plates  27-31.  The  sediments  filling  this  channel  are  similar 
to  those  found  in  the  Indian  River  paleochaimel.  A  third  less  defined  relic 
channel  transverses  all  survey  lines  in  the  southern  sector  between  180,000N  and 
175,000N  (Plates  32-41).  The  acoustic  analysis  revealed  a  reworked  muddy 
sand  overlying  clayey  sands.  No  sediments  in  these  areas  are  considered  suitable 
for  further  testing  for  beach  replenishment  sources. 

A  significant  shoal  field  is  located  north  of  Bethany  Beach  between 
21 1,000N  and  2O0,OOON  along  lines  IS  through  4S.  This  area  is  shown  in 
Figure  39  as  area  C  and  is  described  in  the  sediment  profiles  in  Plates  22-25. 

The  acoustic  and  core  data  show  fine  to  medium  poorly  graded  sands  overlying 
clays  and  clayey  sands.  Sand  thicknesses  range  between  3  and  15  ft. 

Areas  D  and  E  in  Figure  39  are  described  as  shoal-retreat  massifs  surrounded 
by  reworked  clayey  sands  of  the  paleochannels  in  the  southern  sector.  Core 
KHV-50  centered  along  the  crest  of  area  D  shows  1  ft  of  grey  stiff  mud  (CL)  at 
the  surface  that  was  undetected  by  the  acoustic  data.  The  remainder  of  the  core 
consisted  of  medium  to  coarse  poorly  graded  sand.  The  acoustic  computations 
showed  fine  sand  overlying  medium  sand.  Additional  cores  and  possibly 
different  acoustic  data  are  required  to  confirm  the  horizontal  extent  of  the  surface 
clays  shown  in  the  core  log. 

A  large  shoal-massif  at  the  southernmost  end  of  the  study  area,  labelled 
area  F  in  Figure  39,  is  situated  along  survey  lines  4S  through  1  IS  between 
180,000N  and  165,000N  (Plates  35-41).  The  sediments  in  the  southern  half  of 
this  area  have  been  previously  evaluated  as  beach  replenishment  material  for 
Ocean  City,  MD  (Anders  and  Hansen  1990).  Core  KHV-48  located  along  5S  in 
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area  F  showed  4.5  fit  of  well-graded  medium  to  coarse  sand  to  el  -55.  The 
acoustic  data  support  the  core  information  as  shown  in  Plate  36.  The  acoustic 
analysis  over  the  remainder  of  the  shoal  indicated  primarily  fine  to  medium  sands 
with  no  fines.  Although  acoustic  penetration  is  limited  in  this  area  due  to  high 
acoustic  attenuation,  a  layer  of  clayey  sands  may  underlie  the  shoal  at  about 
el  -60.  This  is  based  on  the  acoustic  reflection  data  from  the  seabed  sediments 
surrounding  the  shoal. 
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Recommendations 


A  comprehensive  subsurface  exploration  program  has  been  accomplished  to 
establish  possible  limits  of  available  granular  materials  for  potential  borrow  areas 
for  use  as  sources  for  beach  fill.  This  being  a  reconnaissance-level  investigation, 
the  results  are  not  intended  to  assess  the  suitability  of  any  marine  sediment  as 
beach  quality  material;  rather,  the  results  are  intended  to  pinpoint  areas  for 
further  detailed  investigation.  Analysis  of  3,500-Hz  and  1,000-Hz  seismic 
reflection  data  in  conjunction  with  vibracore  sampling  data  from  selected  sites 
throughout  the  Delaware  coast  study  area  has  been  completed.  The  seismic  data 
were  correlated  with  the  laboratory  analysis  of  the  sample  data  through  acoustic 
impedance  analysis.  The  sediment  characterization  is  presented  as  sediment 
profiles  (Plates  1-41)  presenting  the  major  reflection  facies  with  descriptions  of 
the  engineering  properties,  i.e.,  wet  density,  mean  grain  size,  and  associated  soil 
types. 

The  Delaware  coast  sediment  characterization  developed  to  relate  density, 
mean  grain  size,  and  soil  type  is  provided  in  Table  3  delineating  the 
predominantly  clay,  silt,  and  sand  sediment  types.  No  laboratory  measurements 
of  density  were  available  for  any  of  the  cores  used  for  this  study.  Therefore,  in 
situ  density  was  empirically  inferred  from  mean  grain  size  versus  density 
relationships  developed  from  several  project  databases  (Figure  12),  resulting  in 
acoustically  derived  density  values  estimated  to  be  within  ±10  percent  of  in  situ. 
Density  predictions  could  have  been  improved  to  better  than  ±5.0  percent  had 
density  been  directly  measured.  Acoustically  derived  values  of  mean  grain  size 
are  estimated  to  be  within  ±  0.5^. 

Six  areas  labelled  A  through  F  in  Figure  39  were  identified  as  containing 
sediments  potentially  suitable  for  further  analysis  as  beachfill.  In  the  northern 
sector  of  the  study  is  found  the  largest  area  (area  A)  of  potential  beach  sediments, 
along  the  Hen  and  Chickens  Shoal.  The  core  data  and  the  acoustic  data 
described  mostly  poorly  graded  fine  to  medium  sands,  with  the  coarser  material 
located  on  the  eastern  half  of  the  shoal.  Sand  thicknesses  are  in  excess  of  20  ft  in 
some  areas.  Area  B  is  a  linear  shoal  field  containing  fine  to  medium  sands 
located  in  the  middle  of  the  study  area  directly  east  of  Rehoboth  Bay.  Sand 
thicknesses  range  between  5  ft  near  the  edges  of  the  area  to  20  ft  near  the  center. 
The  remaining  areas  are  located  in  the  southern  sector  south  of  Indian  River 
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Inlet.  Area  C,  located  just  north  of  Bethany  Beach,  is  an  area  described  as  fine 
to  medium  poorly  graded  sands  overlying  clays  and  clayey  sands.  Sand 
thicknesses  range  between  3  and  1 5  ft.  Areas  D  and  E  are  linear  shoals  located 
approximately  4  miles  offshore  consisting  of  fine  to  medium  poorly  graded 
sands.  Stiff  mud  present  at  the  top  of  core  KHV-50,  centered  along  the  crest  of 
area  D,  was  undetected  by  the  acoustic  data.  The  final  area  (area  F)  is  a  large 
shoal-massif  situated  over  the  southernmost  3  miles  of  the  study  area  just  north 
of  Ocean  City,  MD.  Fine  to  coarse  sands  with  little  or  no  fines  are  distributed 
throughout  the  area.  The  bottom  boundary  of  this  shoal  complex  lies  between 
-55  and  -60  ft  mllw  providing  up  to  15  ft  of  material  thickness. 

The  AI  method  attempts  to  estimate  the  engineering  properties  of  bottom  and 
subbottom  marine  sediments  in  a  quantitative  fashion.  Whenever  an  assumption 
was  made  based  on  something  other  than  mathematical  processing,  that 
assumption  was  stated.  Also,  whenever  the  data  were  not  sufficiently  high  in 
S/N  ratio,  no  attempt  at  interpretation  was  made,  except  as  verified  by  core  data. 
Totally  subjective  interpretations  were  strictly  avoided. 
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0220  0230  0240  0250  0260  0270  0280  0290  0300  0310  0320  0330  0340  0350  0360  0370  0380  0390  0400  0410  0420  0430  0440 


ELEV,  FT  MLLW 


FMCD  BT  BOnou  OF  HATCHmC 


WATERWAYS  EXPERIMENT  STATION 
CORPS  OF  ENGINEERS 
VICKSBURG.  MS  39180 


SCALE 

1000  2000  n 


DELAWARE  COAST 
LINE  P11S-N 


Plate  31 


LINE  P02S 
ELEV,  FT  MLLW 


LINE  P01S 
ELEV,  FT  MLLW 


DELAWARE  COAST 
LINE  P01S-S 


Plate  32 


LINE  P02S 
ELEV,  FT  MLLW 


ACOUSTIC  DATA  ni£:  0510  05:'0  0530  0540  0550  0560  0570  0580  0590  0600  0610  0620  0630  0640  0650  0660  0670  0680  0690  0700  0710  0720 

SURVEY  TRACK  UNE: 


0720  0730  0740  07S0  0760  0770  0780  0790  0800  0810  0820  0830  0840  0850  0860  0870  0880  0890  0900  0910?  0920 


^RE  COAST  SEDIMENT  DESCRIPTION 


Density 

gm/cc 

Mean  Groin 
Size,  4>ni 

Bosic  Soil 
Description 

1.0  -  1.4 

Outside  Model 
Boundory 

Soft  Muds,  Ooys 

1.4  -  1.6 

>  4 

Cloys.  Silts, 

Sondy  Silts 

1.6  -  IJ 

Ooyey  Sonds, 

Silty  sats 

m 

Fine  Sonds 

2.0  -  2.2 

1.2  -  0 

Medium  Sonds 

Coorse  Sonds  ft  Grovels, 
Cloyey  Sonds  */  Croveh 

>  2.2 

<  0 

WATERWAYS  EXPERIMENT  STATION 

NOTES 

CORPS  OF  ENGINEERS 
VICKSBURG.  MS  39180 

A  BASCUCNT  OEFMEO  BY  BOTTOM  OF  HATCHING 

SCALE 

0  innn  wm  rr 

DELAWARE  COAST 

LINE  P02S-S 

= 

g 

FILE  NAME:  P02S- 

-S.DWC 

SCALE:  r-1000' 

DATE:  AUGUST  9.  1995  [  PLATE  33 

Plate  33 


Plate  34 


^/y/X/////y 


DELAWARE  COAST  SEC 


Hotch  Density  Meon 

Pottern  gm/cc  Size. 


DEU^WARE  COAST 
LINE  P04S-S 


FILE  NAWE:  P04S-S.0WC 

SCALE;  r-1000’1  DATE:  AUGUST  9.  1995 

1  PLATE  35 

Plate  35 


file  NAME:  P(  5S-S.PWC _ 

SCALE:  r-lC>X)’|  DATE:  AUGUST  9.  1995 


3  0580  0590  0600  0610  0620  0650  0640  0650  0660  0670  0680  0690  0700  0710  0720  0750  0740  0750 


AST  SEDIMENT  DESCRIPTION 


Mean  Gro'm 
Si2e.  4^  m 


Outsklc  Model 
Boundary 


Basic  Soil 
Description 


Soft  Much.  Cloys 


Cloys,  Sats, 
Sondy  Silts 


Ooyey  Sends, 
Silty  Sitts 


fine  Sands 


Medium  Sends 


Coorsc  Sends  k  Grovels. 
Ooyey  Sends  •/  Grovels 


OEFWCD  8r  BOnOM  OF  HATOWC 

S£4L£ 

1000  2000  FT 


WATERWAYS  EXPERIMENT  STATION 
CORPS  OF  ENGINEERS 
VICKSBURG.  MS  39180 


DELAWARE  COAST 
LINE  P07S-S 


FILE  WME:  P07S-S.0WC 


SCALE:  1*-1000'  DATE:  AUGUST  ».  IMS  I  PLATE  31 


Piat(j  38 


LINE  P08S 
ELEV,  FT  MLLW 


0050  0330  0310  0290  0270  0250  0230  0210  0190  0170  0150  0130  0110 


COAST  SEDIMENT  DESCRIPTION 


■ 

Mean  Groin 
Size,  4)  m 

Basic  Soil 
Description 

1.4 

Outside  yodel 
Boundory 

Soft  Muds.  Doys 

1.6 

>  4 

Ooys.  Sits. 

Sondy  Sits 

1.8 

Cloyey  Sends. 

Sity  Sits 

2.0 

Fine  Sonds 

2,2 

1.2  -  0 

Medium  Sonds 

> 

<  0 

Coorse  Sonds  ft  Grovels. 
Cloyey  Sands  v/  Grovels 

NOTES 

aCNT  OCFKD  BY  BOTTOM  OF  H»TCHNC 

SCALE 

0  1000  2000  n 


•  • 


WATERWAYS  EXPERIMENT  STATION 
CORPS  OF  ENGINEERS 
VICKSBURG.  MS  3918C 


DELAWARE  COAST 
LINE  P08S-S 


FILE  NAME;  P08S-S.0WG 


SCALE:  r-IOOO-  DATE:  AUGUST  9.  1995  I  PLA'E  39 


FMate  39 


Notch 

Potlern 


LJIUIEEII^ 


540  0650  0660  0670  0680  0690  0700  0710  0720  0730  0740  0750  0760  0770  0780  0790  0800  0810  0820  0830  0840  0850  0860  0870  0880  0890  0900 


ILAWARE  COAST  SEDIMENT  DESCRIPTION 


Density 

Qfn/c(. 

Mean  Groin 
Size.  4)  m 

Bosic  Soil 
Description 

1.0  -  1.4 

Outside  Model 
Boundory 

Soft  Muds.  Cloys 

1.4  -  1.6 

>  4 

Cloys.  Sills, 

Sor^  Silts 

1.6  -  1,8 

4  -  2.2 

Ckryey  Sonds. 
saty  Silts 

18  -  20 

2.2  -  1.2 

Fine  Sonds 

2.0  -  2-2 

1.2  -  0 

Medium  Sonds 

>  2.2 

<  0 

Coorse  Sonds  ft  Grovels, 
Ooyey  Sands  */  Grovels 

NOTES 

DATA  BASniEKT  DEJINEO  BT  BOHOU  OF  HATCHMC 

SCALE 

0  1000  2000  n 


WATERWAYS  EXPERIMENT  STATION 
CORPS  OF  ENGINEERS 
VICKSBURG.  MS  39180 


DEUVWARE  COAST 
LINE  P09S-S 

'file  NAME:  P09S-S.0WC 


SCALE:  r-1000*  DATE:  AUGUST  9.  1995  PLATE  40 


Plate  40 


Hatch 

Pottem 


WATERWAYS  EXPERIMENT  STATION 
CORPS  OF  ENGINEERS 
VICKSBURG.  MS  39180 


:nt  oenNEO  by  bottom  of  hatchwc 

DELAWARE  COAST 

SCALE 

0  1000  2000  FT 

LINE  P11S-S 

FILE  NAME:  PUS* 

>S.DWG 

SCALE:  r-1000' 

DATE:  AUGUST  9.  1995  |  PLATE  41 

Plate  41 


Appendix  A 
Vibracore  Sample  Data 


The  vibracore  sample  data  presented  in  this  appendix  include  the  drilling 
logs  and  laboratory  gradation  curves  from  the  most  recent  drilling  program, 
beginning  with  KHV-31  and  ending  with  KHV-58. 


Appendix  A  Vibracore  Sample  Data 


_ 758513. 04E.  245998. 51N 


uniting  Agency 

Alpine  Ocean  Seismic  Survey,  Ifx:. _ 

Hole  No.  (As  snown  on  drawing  title)  •»  /  r* 


5.  Name  oi  Dnller 


KHV-31 


Degree  (rom  VertcaJ 


12.  Manuiacturer't  OesignatKxi  ot  Dhi 


13.  Total  No,  ol  Oveftjorden 
Samples  Talcan 


15.  Elevation  Ground  Water 


16.  Dale  Hole 


17.  Elavaiion  Too  ol  Hole 

18.  Tola!  Core  Reoovqfv  tor  Soring 


19.  Signature  of  Inspector  jy  D  JK 


%  Core  Box  or  Remarks 

Recovery  Sample  No.  (Drilling  time,  water  toss,  depth  of  weathering, 

if  signficant) 

®  *  _  g 


Sample  at  1.0' 


Sample  at  3.0' 


ENG  FORM  1836 


Sample  at  1 0.0' 


Hole  No. 


Appendix  A  Vibracore  Sample  Data 


OriUlnfl  Log  (Coni  ShMl)  I  Elovation  Top  ol  How  -21  A' 


HoloNo.  KHV-31 


*)«v«llon  Oepm  L»gand 


Classitcaluxi  o(  Materials 
(Description) 


%  Cora  Box  or  Remarks 

Recovery  Sample  No.  {Drilling  time,  water  toss,  depth  of  weathering. 

it  signlicant) 


Appendix  A  Vibracore  Sample  Data 


A3 


Drllllfxj  Log  I 

'■  KHV 


‘.oc*fton 

_ 758513. 04E.  24599fl.Fi1M 

Jrilling  Agancy 

/  -  Ocean  S»ltmte  Survy.  tne, 

Ho*«  No.  {As  sftown  on  Ofawmg  tM) 

_  ^  KHV-31 

5.  Namo  o<  Dnll«r 


6.  Oiractxxi  ol  Hoi« 

□  VarticaJ  □  inclinad  _ _  Degr»*  trom  VartcaJ 


6.  Depth  Dniiod  Into  FtocK 


9.  Toiai  Ocoin  oi  Hole 
Etovatioi  I  Oopm  I  Legend 


10,  Sl7«  and  Typo  oi  Bit 

11.  Oaium  lor  0«vabon  Shown  (TOM  or  MSt) 
_ MHW 

1Z  ManufactJfvr’a  OosignaUon  01  Ofd 

13.  Toiai  NaolOverouroan  Olsturt}«d 

SampMa  Taican 

14.  Total  No.  ol  Core  Boxes 


15.  Bovatlon  Ground  Watof 


1 7.  Elovalion  Too  ol  Hol« 


1  a.  Total  Cora  Raoovary  lor  Borin 


JV  fiZ  n-IK- _ 

%Cort  Box  or  Ramartca 

Raoovary  Sampio  No.  (Drilling  Vmt.  watar  toss,  daptfi  of  waainamg. 

if  slgnficant) 


:ls^ 


1  Of  2  Shoots 


Undittoroed 


Classificalton  of  Maiorials 
(Daacnptton) 


iSSCy.  Dark  gray,  moist,  clayey  sand 


Bivalve  and  cephalopod  shells 
at  1‘-3' 


Sample  at  1.0' 


Sample  at  3.0' 


:  ^  SC^  Dark  gray,  moist,  clayey  sand 


SC  I  Dark  gray,  moist,  clayey  sand 


Sample  at  10.0' 


ENG  FORM  1836 


A4 


Appendix  A  Vibracore  Sample  Data 


Appendix  A  Vibracore  Sample  Data 


A5 


NUMBERS  HYDROMETER 


A6 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


Oriilma  LOO 


1.  Prof9Cl 


757962. 03E,  259773. 78N 


1.  Oniling  Agency 

Alpine  Ocean  Seismic  Sufvey.  inc. 


4.  Hole  No.  (As  shown  on  drawing  IBe)  i^U\ 


KHV-32 


Degrae  from  Vorfcal 


1 1.  Datum  tor  Elevation  Shown  (TDM  or  MSL) 


tZ  Manutactorers  Oesignatjon  of  Orii 


13.  Total  No.  Of  OvertMiiden 
Samples  Taken 


Classification  of  Materials 
(Description) 


Medium  to  coarse  brown  sarvj 
some  round  gravel 


16.  Total  Core  Recovery  for  Borin 


19.  Signature  of  Inspecior  jy 


%  Cora  Box  or  Remarks 

Recovery  Sample  No.  (Drilling  time,  water  toss,  depth  of  weathering. 

il  signficant) 


Sample  at  O' 


[taUJ 


Dark  gray  sand  with  some  clay 


Sample  at  3.0' 


Sample  at  4.0* 


Dark  gray,  muddy  sand 


Olive  brown  medium  sand, 
stained  with  FE  oxide 
some  silt 


Sample  at  7.0' 


8  ft  Recovery 


ENG  FORM  1836 


Appendix  A  Vibracore  Sample  Data 


U.  S.  STANDARD  SIEVE  OPENING  IN  INCHES  U.  S.  STANDARD  SIEVE  NUMBERS 


r«s. 

oo 

o 

rv/ 


z  * 

c  > 
o  < 
u.  1 


O 

y: 

LU 


A8 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


1K5I3M  AS  H3SHV03 


rv. 


3  * 
c  > 
0  < 
iL  2 


o 

2: 

LU 


Appendix  A  Vibracore  Sample  Data 


A9 


GRADATION  CURVES 


STANOAftO  SIEVE  NUMBERS 


A10 


Appendix  A  VIbracore  Sample  Data 


GRADATION  CURVES 


STANOARO  SIEVE  OPENING  IN  IHCNES  0.  S.  SEANOAND  SIEVE  NUMBERS 


Appendix  A  Vibracore  Sample  Data 


All 


GRADATION  CURVES 


Dfillinq  Log 


1.  Pro)«ct 


KHV 


766421. lOE.  237024. SON 


Drilling  Agency 


Alpine  Ocean  Seismtc  Survey,  inc. 


4.  Hole  No.  (As  shown  on  orawing  tUe) 


KHV-33 


S.  Name  of  Driller 


10.  S<ze  and  Type  ol  &t 


1  of  2  Sheets 


1 1.  Datum  lor  Elevation  Shown  (TOM  or  MSL) 


MLLW 


12.  Manufacturer's  Designation  ol  Oril 


13.  Total  No.  of  Overtiuraen 
Samples  Taken 


14.  Total  No.  of  Core  Boxes 


Unoisturoeo 


IS.  Elevation  Ground  Water 


6.  Dtrection  ol  Hole 

E  Veriicai  □  inclined 

7.  Thickness  ot  Overpuroen 


Degree  from  Vertical 


E30Z 


6/9/93 


Completed 


6/9/93 


6.  Depth  Oniled  into  Rock 


9.  Total  Deotri  of  Hole 
Elevation  |  Depth 


16.  Total  Core  Recovery  for  Bonnq 


16  6  ft 


19.  Signature  of  Inspector 


JV  G2 


Legend 


Classification  ol  MalenaJs 
(Deacnpiion) 


%  Core 
Recovery 


Bo*  Of 
Sample  No. 


Remarks 

(Drilling  time,  water  loss,  depth  of  weathering, 
if  signlicani) 

^ _  g 


:!Sp: 


Gray  to  tan,  medium  sand — dry 


SP 


Gray  to  tan,  medium  sand 


Sample  at  2.0* 


Gray  to  tan,  medium  sand 


iSP: 


ENG  FORM  1836 


Sample  at  6.0* 


Project 


A12 


Appendix  A  Vibracore  Sample  Data 


Appendix  A  Vibracore  Sample  Data 


A13 


SIANDAflO  SIEVE  OPENINO  IN  INCHES  U.  S.  STAHOAND  SIEVE  NUMBERS 


A14 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


IHDiaM  XB  H3NU  I>03H3d 


} 


o  < 


o 

"Z. 

LU 


Appendix  A  VIbracore  Sample  Data 


A15 


GRADATION  CURVES 


U.  S.  SIANDABO  SIEVE  OrttllHQ  IN  INCHES  U.  S.  STANDARD  SIEVE  NUMBERS 


A16 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


NUMBERS  NYOROMnEft 


Appendix  A  Vibracore  Sample  Data 


A17 


GRADATION  CURVES 


A18 


Appendix  A  Vibracore  Sample  Data 


FORM  1836 


Project 


Hot*  No. 


Appendix  A  Vibracore  Sample  Data 


A20 


Appendix  A  Vibracore  Sample  Data 


U.  S.  STANDARD  SIEVE  OPENING  IN  INCHES 


Appendix  A  Vibracore  Sample  Data 


A21 


GRADATION  CURVES 


A22 


Appendix  A  Vibracore  Sample  Data 


NUMBERS  HYDROMETER 


Appendix  A  Vibracore  Sample  Data 


A23 


GRADATION  CURVES 


NUMBERS  HYDROMETER 


A24 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


U,  S.  STANDARD  SJ£V£  OP€NING  IN  INCHES  U.  S.  STANDARD  SIEVE  NUMBERS 


Appendix  A  Vibracore  Sample  Data 


A25 


GRADATION  CURVES 


A26 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


2.  Locaoon  767206, 80E,  232926. 30N 

3.  Onlling  Agency 


10.  Si2e  ana  Type  of  Bit 

1 1.  Datum  tor  ElevaDon  Shown  (TDM  or  MSL) 


12.  Manutacturer**  Designation  ol  Oni 


_ Alpine  Ocean  Seismic  Survey.  Inc. 

4.  Note  No.  (As  shown  on  drawing  oDe)  i/uv 


(3  Vertical  Q  Inclined 


KHV-36 


Degree  trom  VertcaJ 


13.  Total  No.  ol  Overduroen 
Samples  Taken 


15.  Elevation  Ground  Water 


-J  18.  Total  Coro  Recovery  lor  Bonn 


19.  Signature  Ol  Inspector 


Clasailication  ol  Materials 
(Descnption) 


JVGZ 


%  Core  Box  or  Remahcs 

Recovery  Sample  No.  (Drilling  time,  water  toss,  depth  o(  weathering. 

il  signficant) 


Gray,  medium  sand  with  lenses 
of  clay 


Gray,  silty,  clayey  sand 


Gray  clay,  high  plasticity; 
occasional  large  shell 


Appendix  A  Vibracore  Sample  Data 


A27 


■©vaBon  Daplh  I  Lfigend 


CiaBsiticaiKyi  of  Materials 
(DoscnpiKW) 


%  Core  Box  Of  Remarks 

Recovery  Sampt©  fsio.  (Drilling  time,  water  loss,  depth  of  w^ihenng, 

i*  aignf leant) 

e  I  g 


JG  FORM  1836 


Appendix  A  Vibracore  Sample  Data 


IHDiaM  AS  H3Nli  lK33a3d 


QO 


CNI 


C  > 

o  < 
1*.  z 


o 

'Z 

ai 


Appendix  A  Vibracore  Sample  Data 


A29 


GRADATION  CURVES 


Orilling  Log  | 

1  of  2  Sheets 

10.  Size  ano  Type  oi  Bit 

1 1.  Datum  tor  Elevation  Shown  {TDM  or  MSL)  , 

MLLW 

2.  Lociion  704437 260360. 78N 

Drilling  Agency 

Aiofne  Ocean  Seismic  Survey,  fnc. 

12.  Manufacturer's  Designaiton 

)l  Dril 

4.  Hole  No.  < As  shown  on  drawing  ti Be)  KHV  37 

13.  Total  No.  ofOverpuroen 
Samples  Taken 

Disturheo 

Undisttjroeg 

S.  Name  of  Driller 

14.  Total  No.  ol  Core  Boxes 

IS.  Eievalion  Gfouna  Water 

6.  Direction  of  Hole 

16.  Date  Hole 

Sianed 

6/8/93 

Compieteg 

6/8/93 

17.  Elevation  Too  ol  Hole  -4i^  .  ^  ' 

7.  Thickness  ol  OverourtJen 

10.  Total  Core  flecoverv  lor  Boring  ^ 

0.  Depth  Drilled  into  Rock 

9.  Total  Deoth  of  Hole  ig  n 

19.  Signature  ol  inspector  ... 

JV  GZ 

Bavatnn 


0«pm 


Lagand 


Classification  of  Malartala 
(Oeacrlptlon) 


%Cors 

Racovary 


Box  or 
Sampla  No. 


Ramahct 

(Orilling  bma,  water  toss,  depth  of  weathering, 
if  tignhcant) 

_ 9 


iSPi 


SP  i 


SP 


::sp 


(Gravel) 

Dark  gray,  medium  sand;  some 
shells;  some  Fe  oxide  zones 
Course,  very  rounded  gravel  at 

O'-r. 


Stringers  of  clay 


Dark  gray,  Fe-oxide-stained, 
silty  medium  sand 

Green,  rigid  clay 

Coarse,  well-rounded  quartz 
sand 

Fe  Oxide  abundant 
Lens  of  very  coarse  round 
grave!  at  5.5’ 

Fine  round  gravel  at  6'  and 
again  at  T 


100 


100 


Light  brown,  coarse  sand,  trace 
rounded  fine  gravel 

Light  brown,  medium  clean  sand 


ENG  FORM  1836 


100 


Sample  at  1 .0' 


Sample  at  3.5' 


Sample  at  7.0' 


Large  cobble  (6"  long),  very 
rounded  at  1 0' 


Project 


A30 


Appendix  A  Vibracore  Sample  Data 


OriUJng  Log  (Con!  Sh#*<)  I  Elovalion  Top  of  Hole  -42.2' 


note  Ho.  KHV-37 


Appendix  A  Vibracore  Sample  Data 


A3 


NUMBERS  HYDROMETER 


A32 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


2  ® 
c  > 
o  < 

b.  2 


O 

"Z 

LU 


Appendix  A  Vibracore  Sample  Data 


A33 


GRADATION  CURVES 


A34 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


Appendix  A  Vlbracore  Sample  Data 


A35 


GRADATION  CURVES 


A36 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


2.  Locawn  771243. 60E,  23$8958.70N 

OriUmg  Agenqr 

Alpin#  Ooaan  Saitmic  Survey  Joo _ 


4.  Hoie  No.  (As  tDown  on  draMmg  IM)  oo 


10.  Size  ano  Type  o<  Bit 

1 1.  Datum  tor  EJovauon  Shown  fTOM  or  MSL) 


12.  Manulactorert  OesignatKxi  ot  Ohl 


Appendix  A  Vibracore  Sample  Data 


A37 


DriUing  Log  (Cont  ShMO  Elevaiion  Top  of  Hole  _4g  gr 


KHV-38 


CUssification  of  Materials 

\  Core 

(Oescnption) 

Recovery 

d 

e 

#  _=;iSPJ:  Dark  gray,  medium  sand;  trace 
—  iiiiiiiii  round  gravel;  wet 


iico"::  l^^rk  green-gray,  medium  to  fine 
sand 


“ « ;  •  Gray,  coarse  sand;  some  very 
coarse  gravel;  some  silt 

.'SW, 


IS 


17.4  ft  Recovery 


Remarks 
ator  loss,  deptti 
II  signlicani) 


Sample  at  10.5' 


Sample  at  14.0' 


A38 


Appendix  A  Vibracore  Sample  Data 


oo 

CD 

CNI 

rt 

T  • 

E  > 
O  ■< 

w  Z 


O 

2 

UJ 


Appendix  A  Vibracore  Sample  Data 


A39 


GRADATION  CURVES 


U.  S.  SUHOASO  SIEVE  OPENING  IN  INCHES  U.  S.  STANDARD  SIEVE  NUMBERS 


A40 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


Appendix  A  Vibracore  Sample  Data 


A41 


GRADATION  CURVES 


NUM8ERS  IlYDROMnCft 


A42 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


NUMBERS  MYDROMETCR 

W _ 50  70  100  HO  200 


rsi 
3  • 


a  > 
o  < 
b.  3 


o 


Appendix  A  Vibracore  Sample  Data 


A43 


GRADATION  CURVES 


1.  Project 


KHV 


I  2.  LocaDon  769929 . 89E ,  247323 . 02N 


Onliing  Agency 

_ Alpine  Ocean  Seitrolc  Survey.  Inc. 


4.  Note  No.  (At  thown  on  drawing  flae)  39 


11.  Datum  tor  Eleva non  Sixjwn  (TOM  or  MSL) 


-  1Z  Manufacbjrer'a  Designation  of  Onl 

>  13.  Total  No.  of  Overtxirden  Disturoeo  I 

Samples  Taken  j 

Undisiurtied 

Degree  Irom  VertIcaJ 


18.  Total  Core  Recovory  for  Boona 


18.  Signaluro  of  Inspecior 


V  D-JK 


Claaailication  of  MatertaJt 
(Deacription) 


%  Core  Box  or  Remarka 

Recovery  Sample  No.  (Drilling  ttme.  water  loss,  oeplli  of  weaoienng, 

if  iignficant) 


SC^  Dark  gray,  wet.  clayey  sand 


Brown  silt  and  fine  sand 


•  Gray,  medium  to  fine  sand  with 
y 0  mud 


SWr  Gray,  medium  to  fine  sand  with 


Dark  gray  mud  and  gravel 


LSM»|*|  Dark  gray  muddy  sand 


ENG  PORM  1636 


Appendix  A  Vibracore  Sample  Data 


Drilling  Log  (Cont  ShM(>  I  Etevalon  Top  ol  Holo  -49.7' 


HOUNO^  KHV-39 


Appendix  A  Vibracore  Sample  Data 


A45 


A46 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


Appendix  A  Vibracore  Sample  Data 


A47 


GRADATION  CURVES 


A48 


Appendix  A  Vibracore  Sample  Data 


2.  Locaton  767196. 98E,  264982. SON 


.  Drilling  Agency 


Alplfw  Ocean  Seismic  Survey,  loc. 


4.  Hole  No.  (As  Shown  on  drawing  titta) 

KHV-40 

Samples  Taken 

1 

—  

14.  Total  No.  ol  Core  Boxes 

15.  Elevaiton  Ground  Water 

6.  Direction  ol  Hole 

16.  Date  Hole 

Started 

6/0/93 

6/8/93  1 

17.  Efevatton  Top  ol  Hole  -dU .  b  '  I 

7.  Thickness  of  Ov0rt>uraen 

16.  Total  Core  Recovery  for  Boring 

- n 

8.  Deoth  Drilled  into  Rock 

19.  Signature  ol  Inspector 

JV  GZ 

9.  Total  Oeoth  of  Hole  iqth 

Depth 

b 


Legend 


1 1.  Datum  tor  Eievabon  Shown  (TOM  or  MSL) 


MLLW 


12.  Manufactorer'e  Designation  o(  Oril 


DisturMd 


Classilicatjon  ol  MateriaJs 
(Deecription) 


:;sp; 


isp 


Brown  medium  sand,  becomes 
finer  at  5';  some  silt  present  15- 
20' 


%Cei» 

Recovery 


Brown  medium  sand 


:SP  : 


Brown-gray  medium  sand 


Box  or 
Sample  No. 


Remarks 

(Driliing  time,  water  toss,  depth  ol  weathering, 
if  signficant) 

_ 9 


Sample  at  2.7' 


Sample  at  7.5' 


ENG  FORM  1036 


Pfoiect 


Appendix  A  Vibracore  Sample  Data 


A49 


Drilling  Log  (Coni  Shoo!) 


Eteviion  Topol  Hoio  -30  5 


Heto  No. 


CUusilication  ol  Malonait 
(Ooscnption) 


%  Coro  Box  Of  Romarka 

Rocovwy  Sampio  No.  (Drliring  tlmo.  waior  io»*.  d4,pm  ot  x^ootfioring. 

il  lignflcant) 


Brown-gray  medium  sand 


Sample  at12.6‘ 


i.SP::j  Gray  medium  sand 


:  SP Gray  medium  sand 


Sample  at  17.5' 


19.7  ft  Recovery 


ABO 


Appendix  A  Vibracore  Sample  Data 


U.  S.  SIAHOABO  SIEVE  OPEHING  IN  INCHES  U.  S.  SIANOABD  SIEVE  NUMBERS 


Appendix  A  Vlbracore  Sample  Data 


A51 


GRADATION  CURVES 


STANDARD  SIEVE  NUMBERS 


A52 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


LU 


Appendix  A  Vibracore  Sample  Data 


A53 


GRADATION  CURVES 


A54 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


DriNina  Loq 


\,  Project 


768958. 59E,  263445. 90N 


Alpine  Ocean  Seismc  Sun/ev.  inc. 


Hole  No.  (As  shown  on  drawing  tue) 


S.  Name  ot  Driller 


6.  Direction  of  Hole 


nn  Vertical  Q  Inclined 


Elevation  Depth  I  Legend 


KHV-41 


Degree  trom  Vertical 


Classifica'.ion  of  Materials 
(Descnption) 


to.  Size  ana  Type  of  6il 
1 1.  Datum  for  Elevauon  Shown  (TDM  or  MSL) 


1 2.  Manufacturer's  Designation  ot  Dril 


13.  Total  No.  ot  OverOuroen 
Samples  Taken 


15.  Elevation  Ground  Water 


17.  Elevation  T 


18.  Total  Core  Recovery  for  Borin 


19.  Signature  ot  Inspecior  jy 


%  Core  Box  or  Remarics 

Recovery  Sample  No.  (Drilling  bme.  water  toss,  depth  of  weathering, 

if  signtfcant) 


Medium  brown  sand  with  traces 
of  shell 


Gray-brown  sand,  clay  lenses 
present,  traces  of  FE  oxide 


Brown,  fine  to  medium  sand 


Gray  medium  sand,  6.4'-1  O' 


Sample  at  0.5' 


Sample  at  3.2* 


Sample  at  4.6' 


Sample  at  7.1' 


Appendix  A  Vibracore  Sample  Data 


A55 


Drilling  Log  (Cent  Sheet) 

Elevatkdn  Too  of  Hole 

-29.9’ 

Hoi.  No.  KHV-41  I 

Project 

KHV 

-■  _ 1 

InsiaJLation 

si».t  2 

- 2: - 2  _ 

(Descnption) 


%  Core 
Recovery 


Box  or 
Sample  No. 


Hemarics 

(OrilHng  lime,  water  loss,  depth  of  weathering, 
if  signlicani) 

_ 9 


3:  SP:: 


Brown,  fine  to  medium  sand 


SPii 


Dark  gray,  fine  to  medium  sand 
13  gp::;  Dark  gray,  fine  to  medium  sand 


SP-:: 


Light  brown,  medium  sand 


SPil 


SPii 


Light  brown  to  gray,  medium 
sand 


Alternating  bands  of  gray  and 
light  brown  medium  sand 


1 9.9  ft  Recovery 


Sample  at  10.5’ 


Sample  at  13.2' 


Sample  at  1 7.0' 


;NG  FORM  1836 


Project 


A56 


Appendix  A  Vibracore  Sample  Data 


F 


Appendix  A  Vibracore  Sample  Data 


A57 


GRADATION  CURVES 


A58 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


.  STAMDABD  SItVE  OPtHINQ  IN  INCHES  0.  S.  SIANOARO  SIEVE  NUMBERS 


Appendix  A  Vibracore  Sample  Data 


A59 


GRADATION  CURVES 


STAMOAftD  SIEVE  NUMSERS 


A60 


Appendix  A  Vibracore  Sample  Data 


NUMBERS  HYDROMCTER 


Appendix  A  Vibracore  Sample  Data 


A61 


GRADATION  CURVES 


A62 


Appendix  A  Vibracore  Sample  Data 


5.  Name  o<  Drilfar 


Q  Vertical  Q  Inclined 


..Location  773836. OOE,  233513. ION 


Onlling  Agency 

Aloino  Ocean  Seismic  Survey.  Inc. 


4.  Hole  No.  (As  snown  on  drawing  liue)  ly'i  n  #  Ars. 


KHV-42 


Degree  Irom  Vertical 


1 1.  Datum  lor  Elevation  Shown  (TOM  or  MSL) 


12.  Manulaciurers  Designation  ol  Dril 


>3.  Total  No.  o(  Overouroen 
Samples  Taken 


19.  Signature  o(  Inspector 


JV  GZ 


Qassitication  of  Materials 
(Description) 


•r.  Core  Box  or  Remarks 

Fiecovery  Sample  No.  {Drilling  time,  water  toss,  depth  of  weathering. 

if  signticant) 


_•!•!•  Dark  gray,  coarse  sand  and 
» ?''y*  gravel;  well  graded 


>7.  •  Light  tan,  silty,  coarse  sand  and 
3^,’  gravel;  well  graded 


Light  tan,  medium  sand  and 
gravell;  well  graded 


Gray,  medium  sand  and  trace  of 
gravel 


Gray,  medium  sand 


Sample  at  0.5’ 


Sample  at  5.4’ 


Sample  at  7.9’ 


Sample  at  9.2’ 


ENG  FORM  1836 


Appendix  A  Vibracore  Sample  Data 


A63 


Drilling  Log  (Coni  ShMt)  Elevation  Top  ol  Hoi©  _42 . 8  ' 


KHV-42 


Projec! 


KHV 


She©!  ^ 
-Ol _ i 


Oeptn 


Legend 


ClassiticalKX)  of  Matenals 
(Oescnpiion) 


%  Cofo 
Recovery 


Box  Of 
Sample  No. 


RemafXs 

(Drilling  time,  water  loss,  oeptn  of  woaihenog. 
If  eignlicant) 

_  g 


SP  f 


Gray,  medium  sand 


Tan,  medium  to  coarse  sand; 
well  graded 


©  o  I 

Q  e 


Tan,  coarse  sand  and  gravel 


Tan  to  light  gray,  medium  sand 


1 7.4  ft  Recovery 


Sample  at  12.8* 


Sample  at  17.0’ 


;NG  FORM  1836 


Proleci 


A64 


Appendix  A  Vibracore  Sample  Data 


NUMBERS  HYDROMETER' 


GRADATION  CURVES 


NING  IN  INCEJ  U.  S.  STAHOWD  SIEVE  NUMBERS 


A66 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


.  STANDAflD  SIEVE  OI>ENING  IN  INCHES  U.  S.  STANDARD  SIEVE  NUMBERS 


Appendix  A  Vibracore  Sample  Data 


A67 


GRADATION  CURVES 


INCHES  U.  S.  STANOAHD  SIEVE  NUMBERS 


A68 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


o 

'■Z. 

UJ 


Appendix  A  Vibracore  Sample  Data 


A69 


GRADATION  CURVES 


STANDARD  SIEVt  NUMBERS 


A70 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


1.  Prof9Ct 


I/I  t\  i 


762031. 60E,  200531. OON 


3.  Dnlling  Agency 

_ _ Alpine  Ocean  Seismic  Sun^ey.  inc. 


(As  snown  on  drawing  tiDe) 


KHV-44 


Degree  from  VeriicaJ 


1 1.  Datum  lor  Eievaoon  Shown  (TDM  or  MSL) 


t2.  Manulacurers  Designation  Of  Dril 


13.  Total  No.  of  OvertHirden 
Samples  Taken 


19.  Signature  Of  inspecior 


Ctassification  of  Materiafa 
(Deacnption) 


Brown,  fine  to  medium  sand 


%  Core  Box  or  Remarks 

Recovery  Sample  No.  (OiJJing  tme.  wafer  loss,  depth  of  weaihenng, 

if  signficant) 


Sample  at  1.7’ 


Gray  to  brown,  fine  to  medium 
sand 


Gray  to  brown,  fine  sand  with 
trace  of  mud 


Light  brown,  coarse  sand 


Sample  at  6.8' 


Sample  at  8.0’ 


Sample  at  10.0’ 


ENG  FORM  1836 


Appendix  A  Vibracore  Sample  Data 


Drilling  Log  (Coot  Sheet) 

Elevation  Top  ol  Hole 

-28.1' 

KHV-44 

Project 

KHV 

1 _ 

Installation 

n - — .  '■■■ — — - 1 - 1 - ^ - —J 

Sheet  2 

- - Qi,,,  2  Shafts _ 

(Descnption) 

d 


X  COTQ 
Recovery 


Box  or 
Sample  No. 


RofnairiM 

(Drilling  time,  water  loss,  depth  of  weathering, 
(I  wgnficani) 


3  SP 


Gray,  medium  sand 


SP;: 


"CL 


Gray,  medium  sand 


Dark  brown,  silty  clay 


SP:* 


SP:*i 


SP 


Gray,  coarse  sand 
Brown,  fine  sand  and  clay 


Silty,  fine  sand 


Medium  to  fine  sand 


20.2  ft  Recovery 


NG  FORM  1036 


Sample  at  13.0' 


Sample  at  17.0' 


Sample  at  18.5' 


Sample  at  20.a 


Project 


A72 


Appendix  A  Vibracore  Sample  Data 


NUMBERS  HYDROMtrCR 


Appendix  A  Vibracore  Sample  Data 


A73 


GRADATION  CURVES 


A74 


Appendix  A  Vibracore  Sample  Data 


gradation  curves 


LU 


Appendix  A  Vibracore  Sample  Data 


A75 


GRADATION  CURVES 


U.  S.  STANDABO  SIEVE  OPEHIHG  IN  INCHES  0.  S.  STANDARD  SIEVE  NUMRERS 


A76 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


NUMBERS  HYDROMnCR 


Appendix  A  VIbracore  Sample  Data 


A77 


GRADATION  CURVES 


U.  S.  STANDARD  SIEVE  NUMBERS 


A78 


Appendix  A  Vibracore  Sample  Data 


gradation  curves 


1.  Project 


KHV 


2.  Lcca.on  754876. 80E.  171915. SON 


Drilling  Agency 


Alpine  Ocean  Seismic  Survey.  Inc. 


4.  Hole  No.  (As  sriown  on  drawing  otie) 


KHV-45 


5.  Name  of  Dnlier 


6.  Directon  of  Hofe 
0  VeriJcaJ  Q  Inclined 


Degree  from  Vertical 


7.  Thickness  ol  Overpuroen 

8.  Depth  Dniled  Into  RocK 


9.  Total  Deptri  of  Hole 


Depth 


J£JJL 


Legerid 


10.  Size  ana  Tvoe  oi  Sit 


1  01  P  Sheets 


1 1.  Datum  tor  Elevauon  Shown  (TDM  or  MSL) 


MLLW 


12.  Manufacturer's  Designauon  ol  Dril 


13.  Total  No.  ol  Ovenxjroen 
Samples  Tal^en 


Ol  Slurped 


14.  Total  No.  Ol  Core  Boxes 


15.  Elevaiton  Ground  Water 


Started 


17.  Elevaiton  Too  ol  Hole 


16.  Total  Core  Hecovery  lor  Boring 


301 


6/1 7/931 


Completed 


6/17/93 


19.  Signature  Of  Inspector 


Classification  of  Maferiais 
(Description) 


%  Core 
Recovery 


Box  or 
Sample  No. 


JV 


Remartcs 

(Drilling  lime,  water  toss,  depth  of  weathering, 
if  signficant) 

_ g 


f;SP 


SP; 


Sp:: 


Gray,  medium  sand;  wet 


Light  gray,  medium  sand 


Light  gray,  medium  sand;  trace 
of  gravel 


Light  gray,  coarse  to  medium 
sand;  trace  of  gravel 


Run  1;  0'-18';  13.7'  recovery 
Run  2:  13'-16‘;  2.4'  recovery 


Sample  at  1.7' 


Sample  at  6.0' 


ENQ  FORM  1836 


Project 


A80 


Appendix  A  Vibracore  Sample  Data 


OrlHIng  Log  (Cent  Shoot) 


ElevaiK)n  Top  of  Hole 


-36.2' 


HoloNo.  kHV-45 


\G  FORM  1636 


Projoct 


Appendix  A  Vibracore  Sample  Data 


A81 


STANDARD  SIEVE  NUMBERS 


A82 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


GRADATION  CURVES 


IHOOM  xn  H3NU  lN33H3d 


C3D 

O 

CNI 


r  ® 

e  > 
o  < 
u.  2 


O 

'Z 

UJ 


A84 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


Appendix  A  Vibracore  Sample  Data 


A85 


GRADATION  CURVES 


A86 


Appendix  A  Vibracore  Sample  Data 


Orililno  Log  (Cent  ShMl) 


Ei«vation  Top  ol  Hoio 


-40.7' 


Hot*  No. 


KHV-46 


Remark* 

(Drilling  time,  water  loss,  depth  of  wpalhehng. 
j|  signficani) 


Sample  at  11.6' 


Sample  at  15.2' 


Sample  at  1 8.2' 


'NG  FORM  1836 


Project 


Appendix  A  VIbracore  Sample  Data 


A87 


IHDGM  k9  H3SHYOO  l>J3aH3d 


CO 

CO 

(VI 


T  ® 
e  > 
o  < 
u.  1 


O 

m 


A88 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


INCHES  U.  S.  STANDARD  SIEVE  NUMBERS  HYDROMETER ' 


Appendix  A  Vibracore  Sample  Data 


A89 


GRADATION  CURVES 


A90 


Appendix  A  VIbracore  Sample  Data 


GRADATION  CURVES 


CO 

CD 

CM 


r  • 

C  > 

o  < 
U.  I 


O 

2 

LU 


Appendix  A  Vibracore  Sample  Data 


A91 


GRADATION  CURVES 


Drillina  Loq 


'•  _ iwv _ 

2.  location  765794  .aOE.  188621.  OON 

.  DrilHng  Agency 

Alpine  Ocean  Saismc  Survey,  inc. _ 

4,  Hole  No.  (As  snown  on  orawing  btle} 


5.  Name  ol  Driller 


6.  Direction  ol  Hole 


0  Vertical  n  Inclined 


7.  Thickness  ol  Overtxjfaen 


KHV-47 


Degree  from  Vertical 


Bevation  I  Depth  Legend 


Clastllication  of  MaieriaJs 
(Deacnption) 


_  _  1  of  2  Sheets 


to.  Size  and  Type  of  Bit  _ 

J 1.  Datum  tor  Elevation  Shown  (TOM  or  MSL)  M  LLW 

t2.  Manufacturer's  Designation  ol  On! 

J3.  Total  No.  ol  Overtxiroen  Oisturtied  UndistufOed 

Samples  Taken 

14.  Total  No.  ol  Core  Boxes _ 

15.  ElevalKin  Ground  Water 


17.  Elevation  Top  of  Hole  -"41.2'  _ 

18.  Total  Core  Recovery  lor  Borin* 


19.  Signature  of  Inspector  jy 


%  Core  Box  or  Remariti 

Recovery  Sample  No.  ( Oilling  hme.  water  loss,  depth  ol  weathering, 

H  lignficanl) 


HGray  brown  clay;  very  moist, 
very  plastic 


Run  1:  0'-11.6' 
HjS  smell 


Moisture  content  seems  to 
drop  greatly  at  clay-silt 
Interface 


'  '  Greenish  silt  and  some  fine 
I  7  sand  streaked  with  Fe  oxide 


o  SWt  Tan  to  gray,  coarse  sand;  trace 
'  o  “  o  •  of  silt;  some  medium  sand 


Tan  to  gray,  coarse  sand; 
stained  with  Fe  oxide  at  7‘;  trace 
of  rounded  gravel;  lenses  of 
green  clay  at  -9’ 


Sample  at  7.0' 

Lens  of  brown  clay  at  7* 


Begin  Run  2 


A92 


Appendix  A  Vibracore  Sample  Data 


Drilling  Log  (Cont  Shoot) 


Elevation  Top  o(  Hole 


-41.2’ 


HoioNo.  kHV-47 


Classification  of  Materials 
(Description) 


%  Core  Sox  or  Remarks 

Recovery  Sample  No.  (Drilling  time,  water  loss,  depth  of  weathenng. 

if  signlicant) 


'>10  FORM  1636 


Protect 


Hole  No. 


Appendix  A  Vibracore  Sample  Data 


A93 


U.  S.  STAHDAfiO  SIEVE  OPENING  IN  INCHES  U.  S.  SIAHOARO  SIEVE  NUMBERS 

t  4  l±  •  J.  I  I  .  . 


A94 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


UJ 


Appendix  A  Vibracore  Sample  Data 


A95 


GRADATION  CURVES 


NUMBERS  MYOROMETCR 


A96 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


IHD13M  AS  U3Nld  lM3083d 


CS3 

CD 


3  * 
c  > 
o  < 
u.  2 


o 

"Z 

LJJ 


Appendix  A  Vibracore  Sample  Data 


A97 


GRADATION  CURVES 


[  Drilling  Log  |  | 

1.  Pno)GCI 

KHV 

2.  Location 

769852. 60E,  171381. 20N 

Onlijng  Agency 

_ Alpine  Ocean  Seismic  Surrey,  inc 

4.  Hole  No.  (As  shown  on  orawing  otJe) 


5.  NameolDniler 


6.  Direction  ot  Hole 
0  VerticaJ  □  inctineO 


7.  Thickness  ol  OverOuroe 


KHV-48 


Degree  Irom  Vertical 


Elevation  Depth  Legend 


Ctassilicriiion  of  Materlait 
(Description) 


10.  Size  ana  Type  ol  Bil 


11.  Datum  tor  Elevation  Shown  (TOM  or  MSL) 


12.  Manufacturers  Oesignaiion  of  Dm 

13.  Total  No.  ol  Overtxjroen  Oisturoea 

Samples  Taken 

14.  Total  No.  ol  Core  Boxes 


1  ol  2  Sheets 


MLLW 


17.  Elevation  Tod  ol  Hoi 


18.  Total  Core  Recovery  lor  Boring 


1 9.  Signature  of  inspector  . .  .  _ 

_ JV  (jZ 


\  Core  Box  or  Remaocs 

Recovery  Sample  No.  (Drilling  time,  water  toss,  depth  of  v 

if  signficant) 


I '  GV\f  Brown  sand  and  rounded  gravel; 
: .  <  clay  present  increasingly  with 
:  ■  depth 


Dark  brown,  fine  sand  and  clay; 
i  trace  of  rounded  gravel 


Sample  at  2.0' 


■  Brown,  fine  sand;  laminations  of 
:  i;-::::;::;  brown  Clay,  trace  of  rounded 
■iiii-liii;  gravel 


'SW  •  ^''own,  coarse  to  fine  sand; 
^ ;  o ;  laminations  of  clay,  trace  of 
rounded  gravel 


Sample  at  5.0’ 


’  ‘  Brown,  very  coarse  to  fine  sand; 

-  o »  trace,  rounded  gravel 


Sample  at  8.0' 


^  •  SW'  9'^y>  coarse  sand 


ENG  FORM  1836 


A98 


Appendix  A  Vibracore  Sample  Data 


Elevation  Top  ot  Hole 

-34.3’ 

HOI.  NO.  khV-48 

Proioci 

Installation 

Sheet  2 

- ^  _ 

'levaton 

Depth 

Legend 

Classillcation  ol  Matenats 
(Description) 

%Core 

Recovery 

Box  or 
Sample  No. 

Remarks 

(Drilling  time,  water  loss,  deplft  ol  weathering. 
If  signltcanij 

a 

b 

c 

d 

e 

f 

g 

>JG  FORM  1836 


Appendix  A  Vibracore  Sample  Data 


A99 


IKOOM  AS  H3NU 


o  < 

IL  5 


o 

LU 


A100 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


NUMBERS  HYDROMETER 

40  50  ;o  100  140  too 


A102 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


U.  S.  STANDAHO  SIEVE  OPININQ  IN  INCHES  U.  S.  STAHOABO  SIEVE  NUMBERS 


oo 

o 

<vt 


r  * 

a.  > 
o  < 
t  3 


o 

LU 


Appendix  A  Vibracore  Sample  Data 


A103 


GRADATION  CURVES 


A104 


Appendix  A  Vibracore  Sample  Data 


DrimngLog(ContSh-<»  |  Elevation  Top  o>  Hoh»  -35.7’ 


■ilsvabon  Depth  Legend 


Hole  No.  KHV-49 


Appendix  A  Vibracore  Sample  Data 


A105 


A106 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


A108 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


GRADATION  CURVES 


STANDARD  SIEVE  NUMBERS 


Alio 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


7  * 

(C  > 

o  < 
>*.  2 


o 

UJ 


Appendix  A  Vibracore  Sample  Data 


A111 


GRADATION  CURVES 


A1 12 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


Appendix  A  Vibracore  Sample  Data 


A1 13 


Drilling  Log  (Cent  Shee<j 

ElevatKSfi  Tod  oi  Hole 

-23,6' 

HOI.  No,  kHV-50  I 

pProlec 

_ _  1  ....  1 . — 

Installabon 

Sheet  2 

- ^ ^  _ 

Legona 


(Descnpnon} 

d 


%  Coro 
Recovory 


Bo*  Of 
Sampis  No. 


Romarid 

(Drilling  time,  waior  hsas.  depth  of  woath«rtr>g. 
it  stgnficani) 

_ g 


SP  I 


Brown,  coarse  sand;  some 
shells 


;sp: 


sp: 


Light  brown  sand;  some  shells 


Gray-brown,  coarse  sand;  some 
shells;  traces  of  a  heavy  mineral 


18  ft  Recovery 


100 


100 


100 


Streaks  of  a  dark  mineral 


Sample  at  14.0' 


Sample  at  18.0' 


NG  FORM  1836 


Project 


A1 14 


Appendix  A  Vibracore  Sample  Data 


0.  S.  STANDARD  SItVE  OPtHINtt  IN  IMCHtS  0.  S.  STANDARD  SIEVE  NUMBERS 

t  J  4  <■  iJ.  bJ.  1  ..  ^  ........ 


GRADATION  CURVES 


U.  S.  STANDARD  SIEVE  NUMBERS 


A1 16 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


U.  S.  STANOABO  SIEVE  OPININQ  IN  INCHES  U.  S.  STAHOARD  SIEVE  NUMBEBS 

t  a  «  A  J  I  1  •  A  A.  ...  .... 
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A1 17 


GRADATION  CURVES 


STANDARD  SIEVE  NUMBERS 
4  16  20  30  40  50  70  100  140  30o 


A1 18 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


U.  S.  SIANDARO  SIEVE  OPENING  IN  INCHES  U.  S.  SEANOARO  SIEVE  NUMBERS 


iK013M  AS  U3NU  IKIOUBd 


O 


LLI 
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A1 19 


GRADATION  CURVES 


A120 


Appendix  A  VIbracore  Sample  Data 


'iG  FORM  1836 


Project 


Appendix  A  Vibracore  Sample  Data 


A121 


A122 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


A124 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


0.  S.  STANDAHO  SIEVE  OPININO  III  IHCHtS  U.  S.  STAHDABO  SIEVE  NUMBERS 


Appendix  A  Vibracore  Sample  Data 


A125 


GRADATION  CURVES 


A126 


Appendix  A  VIbracore  Sample  Data 


GRADATION  CURVES 


Appendix  A  Vibracore  Sample  Data 


A127 


GRADATION  CURVES 


STANDARD  SIEVE  NUMBERS 


A128 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


A130 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


Dfilllno  Loo 
1.  Projoci 


772754. 50E,  218753. 70N 


Alpine  Ocean  Seismic  Survey,  inc 
4.  Hota  No.  (As  shown  on  drawing  tine) 


5.  Name  ot  Ohiler 


6.  Oirsetjon  ot  Hote 
[3  Vertical  Q  inclined  _ 


7.  Thickrtess  ot  Overouroen 


8.  Depth  Onlled  into  Roci( 


9.  Total  Depth  of  Hole 


Elevation  Depth  Legend 


KHV-52  Run  1 


Degree  Irom  Vertical 


Classification  ot  Maieriafs 
{Description) 


Brown,  coarse,  rounded  sand; 
some  round  gravel;  wet 


10.  Size  and  Type  ot  Sit _ 

1 1.  Datum  tor  Elevation  Shown  (TOM  or  MSL) 

12.  Manufacturers  Designation  ot  DnI 

13.  Total  No.  of  Overouroen  Disturoea 

Samples  Taken 

14.  Total  No.  ol  Core  Boxes 

15.  Elevation  Ground  Water 


1  ol  P  Sheets 


IB.  Total  Core  Recovery  tor  Sonni 
19.  Signature  ot  Inspector 


JVG2 


X  Core  Box  or  Remants 

Recovery  Sample  No.  (Drilling  time,  water  toss,  depth  of  weaihenng, 

if  signficant) 


1 8'  penetration;  1 2.2'  recovery 
Run  1:  0-2.5’  +7.2'-12.2' 
Run  2:  2.2'-7.2’  and  10-15' 


Sample  at  1.5’ 


Brown  and  gray,  medium  to 
coarse  sand;  slightly  clayey; 
trace  of  gravel 


Appendix  A  Vibracore  Sample  Data 


A131 


DriHIng  Lofl  (Com  Sh**<)  Elevation  Too  ot  Hole  -39.0' 


ctevabon  Depth  Legena 


Classilicalion  or  Malenals 
(Dexnpiion) 


KHV>52  R1 


Sheet  o 

_  n.  2 


%  Core  Bo*  Of  Refnarxs 

Recovery  Sample  No.  {Drilling  time,  waler  loss,  depth  of  woaihenng. 

ir  signlicam) 


Yellow,  coarse  sand;  wet;  trace 
of  dark  mineral 


Sample  at  1 0.6' 


End  of  Run  1 


NG  FORM  1836 


A132 


Appendix  A  Vibracore  Sample  Data 


Qfllling  tog 


1.  Prof«ct 


KHV 


2.  Locawn  772824. 80E, 

218794. 40N 

Onlling  Agency 

Alpine  Ocean  Seismic  Survey,  inc.  \ 

1  4.  Hole  No.  (As  shown  on  drawing  btle) 

KHV-52  Run  2 

5.  Name  of  Onlier 

6.  Direction  of  Hole 

0  VerticaJ  □  Inctined 

Degree  Irom  Vertical 

7.  Thickness  of  Overouroen 

8.  Depth  Onited  'nio  Hock 

Etovation 


C*«pth 


10.  Sizoano  Typo  of  Bii 


1  Qi  2  Sheets 


1 1.  Datum  tor  Elavauon  Snown  (TDM  or  MSL) 


MLLW 


12.  Manutacturars  OatignatKNi  of  Dril 


13.  ToiaJ  No.  otOvorOuroen 
Sampias  Taken 


DisturpaO 


14.  TotaJ  No.  01  Core  Boxes 


15.  Elevation  Ground  Water 


16.  Date  Hole 


Started 


6/11/93 


1 7.  Elevation  Too  of  Note 


18.  Total  Core  Raoovary  tor  Boring 


-38.6' 


Comptalad 


6/11/93 


19.  Signature  of  inspector 


JV  GZ 


Legend 


iiGPii 


i::u' 


sw 

e  e 


SPi 


.  f' 


Clastificaiion  of  Materials 
(Descnpiion) 


%  Cora 
Recovery 


No  core  available 


Brown,  coarse  sand  and  gravel 
(50-50) 


Tan,  coarse  sand 


Yellow  to  light  gray,  medium  to 
coarse  sand 


Light  gray,  fine  to  coarse  sand; 
some  gravel 


Brown,  coarse,  round  gravel: 
some  coarse  sand 


.4, 

\7  GW^ 

.  4 

■  f- 


As  above,  some  silt;  wet 


Sox  or 
Sample  No. 


RemarKs 

(Drilling  time,  water  toss,  depth  of  weathenng, 
if  signficant) 

_ _ 9 


Sample  at  2.7’ 


Sample  at  5.3' 


Sample  at  6.6‘ 


Sample  at  8.5’ 


ENG  FORM  1836 


Project 
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A133 


DHtllng  Log  (Cont  Sh«M) 

Elevation  Top  ol  Mole  _ 

38.6'  HOI. No.  kHV-52  R?  1 

Project 

KHV 

n - r — — ^ 

Installation 

L__ - -T"" .  1  1 - 

Sheet  2 

{Description) 

d 


Recovery 


Sample  No. 


(Drilling  time,  water  loss,  depth  of  w^thenng. 
1 1  signficant) 

_ g 


sw’. 


®  ®  - 
o  « 
o  e 


e  o 
-rrM 


q:  sp;: 


Yellow,  medium  sand;  some 
rounded  gravel 


SP:i 


;SP  i 


Yellow,  coarse  sand;  some  clay 
laminations;  some  rounded 
gravel 

Same  composition,  but  color 
changed  to  orange 


Dark  gray,  coarse  sand  with 
gravel 


Yellow,  medium  to  coarse  sand 
and  silt 


Yellow,  coarse  sand 


Light  brown,  coarse  sand; 
lenses  of  gray,  silty  sand 


Yellow,  coarse  sand;  some  silt; 
wet 


20.5  ft  Recovery 


Sample  at  14.4' 


Sample  at  18.2‘ 


NG  FORM  1636 


Project 


A134 
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XKSi3M  A8  UBNli  iN33lGd 


r  ® 

E  > 
O  < 

w  2 


O 

2: 

LU 


Appendix  A  VIbracore  Sample  Data 


A135 


GRADATION  CURVES 


A136 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


U.  S.  STAHDABO  SIEVE  OPENINQ  IM  INCHES  U.  S  STANDARD  SIEVE  NUMBERS 

t  J  j  A  «  ^  m  _  _ 


Appendix  A  Vibracore  Sample  Data 


A137 


GRADATION  CURVES 


STANDARD  SIEVE  NUMBERS 


A138 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


U.  S,  STANDARD  SIEVE  OPENING  IN  INCHES  U.  S.  STANDARD  SIEVE  NUMBERS 


A140 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


i2.  LocaDon  775645. 90E,  226680. SON 


Drilling  Agency 


Alpine  Ocean  Seismic  Survey.  Inc. 


4.  Hole  No.  (As  Shown  on  orawing  fide) 


5.  Name  of  Driller 


6.  Direction  of  Hole 
Q  Venical  n  Ihctinod 


ss  of  OvertHjraen 


KHV»53 


Degree  from  Vertical 


1 1.  Datum  tor  Elevation  Shown  (TDM  or  MSL) 


12.  Manufacturer's  Designauon  of  Dril 


13.  Tolai  No.  of  Overouroen  DisturoeO 

Samples  Taken 

14.  Totai  No.  of  Core  Boxes _ 

15.  Etevaiion  Ground  Water 


1  of  2  Sheets 


MLLW 


JV  GZ 


Ctassificit^ion  of  MateriaJs 

%Core 

Box  or 

Remarits 

(Oaschption) 

Recovery 

Sample  No. 

{DriHtng  time,  water  toss,  depth  of  wealhering. 

d 

e 

' 

if  signfieant) 

9 

SC^I  Dark  gray  clayey  sand 


Sample  at  0.4' 


<SC.^  Dark  gray,  clayey  sand 

W 


Dark  gray,  plastic  clayey  sand  i  oo 


Sample  at  1 0.0' 


Appendix  A  Vibracore  Sample  Data 


A141 


Driiling  Leg  (Cent  ShM4> 


Elevation  Top  ol  Hole 


-42.6’ 


Hot*  Me. 


Elevation 

Depth  Legend 

Classilication  ol  Materials 

%  Core 

Box  Of 

Remarks 

{Descnption) 

Recovery 

Sample  No 

(Drilling  time,  water  toss,  depth  of  woathenng. 

e  i 

if  signfic^t) 

1 - 2 — 

b  c 

d 

( 

9 

:  /  SC^  Dark  gray,  clayey  sand 


Dark  gray,  clayey  sand 


;  sand 


20  ft  Recovery 


A142 
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XHOiaM  AB  U3NU  i>03H3d 


3  • 

tt  > 

o  < 

IJL  3 


o 

'Z 

LU 
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GRADATION  CURVES 


A144 


Appendix  A  Vibracore  Sample  Data 


Oiitllng  Log  (Coni  Sho«() 


Eiovation  Top  of  Hole 


HCNo.  kHV-54 


Shoe!  p 
2  - 


iG  FORM  1836 


Pro(Ocl 
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A145 


1K5GM  XB  OSHVOO  i>J33»3d 


oo 

o 

CM 


E  > 
O  < 
L.  2 


o 

LU 


A146 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


A148 


Appendix  A  VIbracore  Sample  Data 


gradation  curves 


DfilHng  Log 
1.  Project 


2.  Locanon  778548. OOE,  199533. 80N 


Drilling  Agency 

Alpine  Ocean  Settmic  Survey,  Inc 
4,  Hole  No.  <As  shown  on  orawmg  tue) 


5.  Name  ol  Onfler 


6.  Direction  o(  Hole 

[3  Vertical  Q  inclined 

7.  Thickness  of  OverOuroen 


illed  Into  Rock 


Bevation  Depth  Legend 


KHV-55 


Degree  from  Vertical 


10.  Size  ana  Type  01  Bii 

11.  Datum  lor  Elevation  Shown  (TDM  or  MSL) 

12.  Manufacturers  Oestgnaiion  ol  Orii 

13.  Total  NoToI  Overouroen  Oisturted 

Samplea  Taken 

14.  Total  No.  of  Core  Boxes 


'  IB.  Total  Core  Recovery  for  Borin ~ 


19.  Signature  ol  Inspector 


1  of  P  Sheets 


Completed 


Ciassification  of  MatenaJs 
(Description) 


Dark  gray  clay;  high  plasticity; 
wet 


Dark  gray,  medium  to  fine  sand 


Dark  gray,  medium  sand 


Remarlts 

(Drilling  lima,  water  loss,  depth  ol  weather^, 
if  tignficani) 


Sample  at  1.8' 


Sample  at  4.0' 
Sample  at  4.5' 


Darker  gray,  medium  sand 


Sp  i  Dark  gray,  coarse  sand 


Sample  at  9.8' 
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A149 


A150 


Appendix  A  Vibracore  Sample  Data 


Appendix  A  Vibracore  Sample  Data 


A151 


GRADATION  CURVES 


AS  »3SHyOD 
g  g  S 


IH013M  AS  H3NU  llOOH3d 


A152 
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LU 


Appendix  A  Vibracore  Sample  Data 


A153 


GRADATION  CURVES 


STAMOAflD  SIEVE  NUMBERS 


A154 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


760909. 40E.  230660, SON 


Aipifw  Oca  an  Seismic  Survey,  >nc. 
4,  Hole  No.  (As  Shown  on  drawing  an®)  lyijx 


KHV-56 


Degree  from  VerttcaJ 


10.  Size  and  Type  ot  Bit 

1 1.  Datum  tor  Elevabon  Shown  (TDM  or  MSL) 


12.  Manulactorers  Designation  ol  Dhl . 


13.  Total  No.  ol  Overtxjrden  j  Disturbed 
Samples  Taken 


1  of  2  Sheets 


Classification  of  Materials 
(Description) 


Medium  to  coarse  sand;  trace 
gravel 

Dark  gray,  plastic  mud 


Medium  to  fine  sand  mixed  with 
dark  gray  mud 


10.  Total  Core  fleoovery  for  Borin 


19.  Signature  of  inspector 


%  Core  Box  Of  Remarks 

Recovery  Sample  No.  (Dnlllng  time,  water  loss,  depth  of  weathering. 

if  signficant) 


Sample  at  0.5' 


Sample  at  3.0' 


Light  gray,  medium  sand 


Sample  at  5.0' 


Light  gray,  medium  sand 


;SP ::  I  Light  gray,  medium  sand 


:  GP'^I  Tan,  coarse  sand  and  gravel 


Sample  at  1 0.0' 


Appendix  A  Vibracore  Sample  Data 


A155 


Ddillng  Log  (Cent  Shoot) 


Elevanon  Too  ot  Hcm 


-30.9 


Hot*  No. 


KHV-56 


_ 1 

Sheet  2 

(Drilling  time. 

Remariu 

water  loss,  depth  oi  weainenog, 
il  signltcant) 

_  g 

Gravel  and  pebble  lag 
deposit  below  peat  layer— 
“Transgressive  Lag” 


Sample  at  15.0' 


MG  FORM  1836 


Projoci 


A156 
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A158 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


iK913M  A8  UaNli  llODUBd 


t/i 


r>«.« 

CO 

CD 

fVI 


a 

zz: 

LU 
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GRADATION  CURVES 


A160 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


2-Lcx;*oon  770713. 80E,  227991. 20N 


.  Oniting  Agency 

_ Alpine  Ocean  Sotsmtc  Survey.  >nc. 

4.  Hole  No.  (Ai  shown  on  orawing  title) 


to.  Size  and  Type  of  Bit 
1 1.  Datum  tor  Elevation  Shown  (TDM  or  MSL) 


12.  Manulacturert  Designatnn  of  Oril 


KHV-57 


5.  Name  ot  Ontler 


6.  Direction  ot  Hole 
nn  Verticai  Q  inclined 


13.  Total  No.  ol  Overourden 
Samples  Taken 

14.  Total  No.  0 1  Core  Boxes 


Appendix  A  Vibracore  Sample  Data 


A161 


Drilling  Log  (Cont  Sh**<)  Elevation  Top  ol  Hoio  -39^9’ 


Protect 


Elevation  Depth  Legend  Classification  of  Materials 

{Oexnpiion) 


%  Core  Box  or  Remarks 

Recovery  Sample  No.  (Drilling  time,  water  loss,  depth  of  w&athenng. 

II  signticant) 


Dark  gray  clayey  sand 


Dark  gray-brown  clayey  sand 


Dark  gray-brown  clayey  sand 


Sample  at  18.0' 


1 9.7  ft  Recovery 


NG  FORM  1836 


A162 
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A164 


Appendix  A  Vibracore  Sample  Data 


Drilling  Log  (Cent  ShMi) 


ElevaiK>n  Top  of  Hole 


KHV-58 


Profoct 


KHV 


Installation 


Elevation 

Depth 

Legend 

Classilicatwn  of  Materials 
(Descnpiion) 

%  Core 
Recovery 

Box  or 
Sample  No. 

,  a 

b 

c 

d 

e 

f 

Remarks 

(Drilling  time,  water  loss,  depth  of  weaihenng, 
if  signlicant) 


.3  FORM  1836 


Protect 


Mote  No. 
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A166 
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GRADATION  CURVES 


Appendix  A  Vibracore  Sample  Data 


A167 


GRADATION  CURVES 


U.  S.  STANDARD  SiEVE  OPEHIMG  IN  INCHES  0.  S.  STANDARD  SIEVE  NUMBERS 


A168 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


CO 

O 

OsJ 


2  * 
cc  > 
O  < 
U.  2 


O 

Z 

UJ 
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A169 


GRADATION  CURVES 


STANDARD  SIEVE  NUMBERS 


A170 


Appendix  A  Vibracore  Sample  Data 


GRADATION  CURVES 


0.  S.  STAHOABO  Sitvt  OfCMINO  IN  INCHK  U.  S.  STANOAflD  SIIVE  NUMBERS 


Appendix  A  Vibracore  Sample  Data 


A171 


GRADATION  CURVES 
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material;  rather  the  results  are  intended  to  pinpoint  areas  for  further  detailed  investigations. 
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